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ABSTRACT: The hydroxide precipitation method, using NaOH as a precipitant agent, was conducted to treat
synthetic monocomponent and two-component water solutions of Pb*" and Zn?* with initial concentrations of 50
and 500 mg/l of each metal. The effect of pH and initial concentration of lead and zinc ions on their removal were
investigated. The precipitation experiments were carried out by batch method that involves the mixing of NaOH
with solutions containing metal ions to occur nucleation, solid growth and subsequent separation of precipitates
from solution by filtration. The results showed that the removal efficiency was increased by increasing of pH and
initial concentration of metal ions in their water solutions. Hydroxide precipitation method using NaOH is an ef-
ficient technique for the removal of lead and zinc ions from their monocomponent and two-component water so-
lutions of different concentrations, with maximum removal efficiency in the pH range of 10.32 to 11.39.

KEYWORDS: heavy metal, chemical precipitation, wastewater, sodium hydroxide.

INTRODUCTION

Comprising over 70% of the Earth's surface, wa-
ter is undeniably the most valuable natural resource
existing on our planet [1]. However clean water sup-
plies are under threat from urbanisation, industry and
agricultural development [2]. Among various types
of water pollutants, heavy metals are the largest class
of contaminants and also the most difficult to treat
[3].

Toxic metal compounds coming to the earth's
surface not only reach the earth's waters (seas, lakes,
ponds and reservoirs), but can also contaminate un-
derground water in trace amounts by leaking from the
soil after rain and snow [4]. With the rapid develop-
ment of industries such as metal plating facilities,
mining operations, fertilizer industries, tanneries,
batteries, paper industries and pesticides, etc., heavy
metals wastewaters are directly or indirectly dis-
charged into the environment increasingly, especially
in developing countries [5].

Because of their high solubility in the aquatic
environments, heavy metals can be absorbed by liv-
ing organisms [6]. The heavy metals linked most of-
ten to human poisoning are lead, mercury, arsenic
and cadmium, while other heavy metals, including
copper, zinc and chromium are actually required by
the body in small amounts, but can also be toxic in
larger doses [7]. The toxic metals and their ions are

not only potential human health hazards but also to
another life forms [8]. Therefore, the application of
appropriate treatment methods is necessary for their
removal from contaminated water.

Water and wastewater treatment has been widely
investigated with different available techniques in-
cluding precipitation, sedimentation, reverse osmosis,
ion-exchange, membrane process, electrochemical
and adsorption [9]. Among them, precipitation pro-
cess is one of the common treatment methods that
used for removal of heavy metals and other pollutants
[10]. Precipitation has been long used for heavy met-
al removal, based on the addition of chemical rea-
gents to induce an increase of pH value, in order to
manage a destabilization of the electrical charges re-
sponsible for the retention of such cations in leacha-
tes and metal containing effluents [11]. In the pre-
cipitation processes, chemicals react with heavy met-
al ions to form insoluble precipitates that can be sep-
arated from the water by sedimentation or filtration
and the treated water is then decanted and appropri-
ately discharged or reused [12]. The precipitation can
be carried out using hydroxide, carbonate or sul-
phide, depending on which type of precipitant is add-
ed to the waste water. Of all the treatment techniques,
heavy metal hydroxide precipitation is the most
commonly employed because of its low-cost and
simplicity [13]. The solubility of the precipitation
products and therefore the removal degree of heavy
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metals from the waste water depends on the value of
the pH, on the initial concentration of metallic ions in
the solution, on the nature of precipitation agent and
also on the nature and concentration of other chemi-
cal species which are present in the solution [14]. The
solubility of metal hydroxides, depending on the wa-
ter pH, is presented in Figure 1.
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Figure 1. Solubility of metal hydroxides [15]

Given the above, the aim of this study was to de-
termine the effects of pH and initial concentrations of
Pb(ll) and Zn(Il) in water on the efficiency of lead
and zinc removal from their monocomponent and
two-component aqueous solutions using sodium hy-
droxide (NaOH).

MATERIAL AND METHODS

All chemicals used for the experimental part of
the work were of analytical grade: Fluka sodium
hydroxide, 1 mol/L, lead(Il) nitrate (Alkaloid AD
Skopje, Republic of Macedonia), zinc nitrate
hexahydrate (Kemika, Zagreb, Croatia), lead standard
solution 1,000 mg/L Pb in 0.5 M nitric acid (from
Pb(NO3),) and zinc standard solution 1,000 mg/L Zn

in 0.5 M nitric acid (from Zn(NO3),) from Merck,
Nitric acid, min. 65% (Lach-Ner, Czech Republic).
All glassware was first washed with detergent and
rinsed with tap water, then soaked in water solution
of HNO3, and rinsed with deionized water.

Agqueous solution of sodium hydroxide with
molar concentration of 0.1 mol/L was used as
precipitant. The solution was prepared by dilution
with deionized water. For each heavy metal, its
monocomponent aqueous solutions of high and low
initial concentrations (500 and 50 mg/L) were
prepared. In addition, a two-component aqueous
solution was prepared in which each metal had a
concentration of 500 mg/L. Preparation of metal ion
aqueous solutions was performed as follows. Metals,
which are in the form of nitrate salts, were accurately
weighed, then quantitatively transferred to volumetric
flasks of 1L and diluted to the mark with deionized
water. Each aqueous solution was homogenised, its
initial pH value was measured and the chemical
precipitation process was performed with these
samples.

In order to evaluate the effect of pH on the
removal efficiency, precipitation experiments were
conducted with different pH conditions, by adding
increasing quantities of the precipitation agent to
monocomponent and  two-component  aqueous
solutions of Pb®* i Zn*". Sodium hydroxide volumes
used in experiments are given in Table 1. The
precipitation procedure was carried out by
transferring 100 mL of metal ion solution of the
appropriate concentration to a 250 mL glass. Then, a
specific volume of precipitant was added to the glass
and mixed with the solution by a magnetic stirrer at a
rate of 300 rpm, and total mixing time was 5 min.
After the required mixing time, the pH of the solution
was measured and the filtration of aqueous solution
of heavy metals was carried. The Whatman NO.42
filter paper was used to remove precipitates. Each
filtrated sample was stored in polyethylene bottle till
analysis.

Table 1. Volumes of NaOH added to monocomponent and two-component aqueous solutions of Pb2* i Zn2*

Initial concentrations of
heavy metals in water

Volumes of 0,1 mol/L NaOH (ml) for precipitation of heavy metals

500 mg/L Pb** 3.00 3.50 4.00 5.00 7.00 10.00
50 mg/L Pb*™* 0.06 0.10 0.20 0.60 3.00 6.00
500 mg/L Zn** 5.00 12.00 13.50 14.50 15.00 20.00
50 mg/L Zn** 1.00 1.30 1.50 2.00 5.00 10.00
500 mg/L Pb** 1.00 5.00 10.00 20.00 50.00 100.00

500 mg/L Zn**
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Removal of lead and zinc from their aqueous
solutions using sodium hydroxide was determined by
analysis of initial Pb2+ and Zn2+ concentrations in
samples before the treatment and their concentrations
after the treatment with NaOH and filtration of
samples.

Concentrations of metal ions were quantified by
flame atomic absorption spectroscopy (FAAS), with
air/acetylene type of flame. FAAS is of use in any
analytical laboratory where elemental determinations
are made [16] and generally, with air/acetylene flame
lead and zinc can be determined [8]. The drawing of
the calibration curve was performed using a 0.2, 1, 5,
7 and 10 mg/L standard solutions of Pb** and 0.2,
0.5, 1, 1.5 and 2 mg/L standard solutions of Zn*" and
measuring their apsorbance by FAAS. Obtained
equations of calibration curves were

y =0,0196x + 0,0035 for lead and

y = 0,4394x + 0,1256 for zinc.

The following equation was used for calculation
of removal efficiency:

Cy-C
Fr— 0 ™1

- 100

100 - P

80 - "

™

60 - /

40 /

Removal efficiency (%)

pH

Removal efficiency (%)

Where Er (%) is the removal efficiency, CO
(mg/L) is the initial concentration of heavy metal in
untreated sample and C1 (mg/L) is the final
concentration of heavy metal, after precipitation and
filtration of the sample.

The effect of initial concentration on the removal
efficiency was assessed by determining the removal
efficiency from monocomponent aqueous solutions
of 50 and 500 mg/L for each heavy metal, and from
two-component aqueous solutions in which each
metal had a concentration of 500 mg/L.

RESULTS AND DISCUSSION

In this study, the lead and zinc ion removal ex-
periments from their monocomponent and two-
component aqueous solutions were carried out using
NaOH as a precipitant. Sodium hydroxide is com-
mercially available low cost chemical, so it can be
easily utilized as precipitating agent [17]. The effi-
ciency results of removal of lead and zinc ions from
their monocomponent aqueous solutions of high ini-

tial concentrations (500 mg/L) are presented in Fig.
2.

100 - s
80 -
60 -

40 -

pH

Figure 2. Effect of pH on the efficiency of removing a) Pb?* and b) Zn
from their monocomponent aqueous solutions of initial concentrations 500 mg/L

Based on data from Tab. 1 and results from Fig 2.
it can be seen that the increase in volume of precipi-
tant added to samples of heavy metal aqueous solu-
tions resulted in increased pH of the treated samples,
which in turn resulted in increased efficiency of
heavy metal removal. The higher removal efficien-
cies at high pH are related to high concentrations of
OH' ions in solution, which react with metal ions and
convert them to insoluble precipitates that can be re-
moved from the solution by filtration.

The removal efficiency for lead ions was above
90% at pH values beyond 10, while for zinc ions the
efficiency was already 99.149% at pH of 7.43. This is

in correlation with solubility of their hydroxides, pre-
sented at Fig.1. as zinc form insoluble precipitates at
lower pH values compared to lead ions. The maxi-
mum removal efficiencies using NaOH were ob-
tained for Pb** (99.866%) at pH of 11.39 and for Zn**
(99.959%) at pH of 10,32. Chen et al. [12] conducted
a hydroxide precipitation of heavy metals from their
aqueous solutions of 500 mg/L concentrations. They
found that the optimum pH values for chemical pre-
cipitation by sodium hydroxide were 10.5 for Pb**
and 10 for Zn*. Adjustment of pH to the basic con-
ditions (pH 9-11) is the major parameter that signifi-
cantly improves heavy metal removal by chemical
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precipitation [6]. In order to evaluate the effect of pH
on the lead removal efficiency, Karimi [15] conduct-
ed hydroxide precipitation experiments with different
pH conditions in a range from 3 to 11 and using
Ca(OH),. He concluded that the optimum removal
efficiency for actual and synthetic wastewater was at
pH 9 to 11.

However, as the pH changed beyond the optimal
value, removal efficiency for Pb** and Zn?" was
somewhat lower (99.397% and 07.047%). That is due
to amphoteric properties of metal hydroxides, as pre-
cipitates of amphoteric metals like zinc and lead, tend
to redissolve as the pH changes beyond the optimal
range.

Efficiency results of removal of lead and zinc
ions from their monocomponent aqueous solutions of

100
80
60

40 - 7

Removal efficiency (%)
-,

pH

Removal efliciency (%)

low initial concentrations (50 mg/L) are presented in
Fig. 3.

When hydroxide precipitation of heavy metals
was carried out at lower initial concentrations of lead
and zinc ions in their monovalent aqueous solutions
(50 mg/L), maximum removal efficiencies were
98.256% for Pb** at pH of 10.63 and 99.694% for
Zn** at pH of 10.83, which are lower values com-
pared to those obtained at high initial concentrations
of both metal ions (500 mg/L).

Similar observations are found in other works.
Pang et al. [18] performed hydroxide precipitation on
the selected heavy metal ions, using NaOH. The per-
cent removals of Pb® were 96.9, 93.3, 69.0, and
98.3% for the initial concentrations of 14, 7, 3 and
1.5, mg/L, respectively.

100 - —

o
80
60
40
20
0 ‘ : . .
5 7 9 11 13
pH

Figure 3. Effect of pH on the efficiency of removing a) Pb2+ and b) Zn2+
from their monocomponent aqueous solutions of initial concentrations 50 mg/L

Their results for percent removals of Zn** showed
similar trend. Karimi [15] obtained the removal effi-
ciencies of 88.8% and 75.5% at pH of 11, using
Ca(OH), for 600 and 300 mg/L Pb** initial concen-
trations. He proposed that the higher removal effi-
ciency at higher concentrations relate to the for-
mation of more and larger precipitates and agglomer-
ation of these solids together.

From the Fig. 3. it can be seen that, in the case of
zinc, significant increase in the efficiency of removal
was achieved in the narrow pH range. Pang et al. [18]
observed that the percent removal of Zn** increased
tremendously from pH 5 to 7, i.e. an average incre-
ment of 53.6% removal was observed in that pH
range for 5, 8, and 10 mg/L of Zn**. In this study, due
to high initial pH of metal solutions of Zn*", the re-
moval efficiency increase of 93.836% was achieved
in pH range 6.9 — 8.13 50 mg/L. For both metals, due
to the amphoteric properties of their hydroxides, the
increase in pH above the optimum values resulted in
reduced removal efficiency.

Efficiency results of removal of lead and zinc
ions from their two-component agueous solutions
with 500 mg/L initial concentrations of each metal
are presented in Fig. 4.

100 . ——

< B0 - /
> /
<
2 60
2
=)
¥ 2
2 40 - Pb2+
f{ —8—Zn2+
5 20 -
"4

0 - T T T 1

5 7 9 11 13

pH

Figure 4. Effect of pH on the efficiency of removing Pb2*
and ZnZ* with initial concentrations of 500 mg/L
from their two-component aqueous solutions
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The results show a higher removal efficiency for
Zn*" at lower pH values , while with further pH in-
crease, the percentage of Pb?* removed is increased
compared to the Zn**. These could be explained by
amphoteric nature of lead and zinc. Mixed metals
create a problem using hydroxide precipitation since
the ideal pH for one metal may put another metal
back into solution [19]. Maximum removal efficien-
cies for heavy metal ions from their two-component
aqueous solutions were obtained at pH value of
10.96, and they were 99.983 % for Pb** and 99.930%
for Zn?*. Compared to the results obtained by precipi-
tation of heavy metals in their low-concentration
monocomponent aqueous solutions, the efficiency of
removal was higher for both metals, which is con-
sistent with the observations of higher removal effi-
ciency for metals from their monocomponent aque-
ous solutions of high concentration.

CONCLUSION

Chemical precipitation of soluble metal ions as
insoluble metal hydroxides is simple method for re-
moving metal contaminants from water based on
changing its pH value. Sodium hydroxide was found
to be an effective and relatively low cost precipitant
agent for the removal of Pb*" and Zn?* from their
monocomponent and two-component synthetic water
solutions of 50 and 500 mg/I initial concentrations of
both metals. Maximum removal efficiencies for lead
and zinc can be obtained in pH range of 10.32 to
11.39. Removal efficiency for both metals is higher
when their initial concentrations in water are higher,
and compared to lead, zinc can efficiently precipitate
at lower pH values, i.e. with lower volume of added
precipitant. However, amphoteric mixed metals such
as lead and zinc, may each other influence on effi-
ciency of their removal from water, since the ideal
pH for precipitation of one metal, may re-dissolve
another metal precipitate back into water solution.
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ABSTRACT: Liposomes are spherical, biodegradable, and biocompatible vesicular systems. These vesicles are
built from phospholipid double layers (membranes) surrounding the inner water phase. Liposomes are highly de-
sirable as drug carriers because they can incorporate hydrophilic, hydrophobic and amphipathic drug substances
(drugs). The physicochemical properties of liposomes such as size, charge, surface properties and encapsulation
efficiency can highly influence their in vivo stability and kinetics.

The aim of our study was to prepare liposomal dispersions and to determine the influence of cycles of high pres-
sure homogenization on some parameters, such as vesicle size and polydispersity index (PDI). Higher homogeni-
zation pressures and repeated recirculation led to further reduction in vesicle diameter and heterogeneity.

For preparing liposomal dispersions Phosal IP 40 and Phosal 75 SA were used (Lipoid, Germany). Liposomal
dispersions were prepared according to the thin film hydration method. By sampling after each cycle, an estimate
was made of how many cycles are needed for the dispersion to have satisfactory parameters (size and PDI).

The size and PDI analysis of the liposomes were carried out by using Zetasizer (Nano series) ZS 90, Malvern In-
struments. . High pressure homogenization was carried out in 10 cycles and based on the obtained liposome size
values and PDI, was determined how many cycles are needed in the process of homogenization. With each cycle,
the size of the liposomes decreased and PDI value was reduced. It has been observed that after 5 cycles of homog-
enization there is no significant decrease in the size of the liposomes and PDI.

Therefore, in the further production of liposomes with active substances with these raw materials, is recommend-

ed to use only 5 cycles of homogenization

KEYWORDS: High pressure homogenization, phospholipids, liposomes, diameter and PDI

INTRODUCTION

The use of liposomes has been quite common
lately due to their tendency to enhance the bioavaila-
bility and stability of drugs and cosmeticals. Lipo-
somes are spherical, biodegradable, and biocompati-
ble vesicular systems [1]. These vesicles are built
from phospholipid double layers (membranes) sur-
rounding the inner water phase. Due to the number of
concentrically deposited bilayers, liposomes may be
unilamellar, oligolamellar (several phospholipid bi-
layers) or multilamellar (many phospholipid bi-
layers). Their diameter ranges from 20 nm to 10 and
more pm and they are forming spontaneously, by
hydrating the phospholipids in an aqueous medium.

Liposomes are highly desirable as drug carriers
because they can incorporate hydrophilic, hydropho-
bic and amphipathic drug substances (drugs), and
they are also physiologically acceptable due to their
similarity with biological membranes and biodegra-
dability [2, 3]. Moreover, they are biodegradable,
nontoxic, non-immunogenic and biocompatible com-
pounds which can provide several advantages as car-
riers for the encapsulated molecules such as enhanc-

ing their pharmacokinetic and bio-distribution, de-
creasing their toxicity and providing target selectivity
for them [4].

The physicochemical properties of liposomes
such as size, surface properties and encapsulation
efficiency can highly influence their in vivo stability
and kinetics [5,6,7]. In addition, these properties can
be modified simply by adding new ingredients to the
lipid mixture before liposome preparation and/or by
variation of preparation methods.

Various methods have been used for the prepara-
tions of liposomes which include mechanical meth-
ods like film and ultrasonic method, methods involv-
ing replacement of organic solvent, methods involv-
ing fusion of prepared vesicles or transformation of
size by freeze thaw extrusion (FTE) and the dehydra-
tion-rehydration (DR) method [8].

Liposomes can therefore be manufactured with
different size, ranging from several nanometers to
micrometers [9]. The range of liposome preparation
methods has recently been extended by a number of
techniques which are based on the use of homogeniz-
ers. High pressure homogenizers are efficient multi-
purpose tools in pharmaceutical industry. Many stud-
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ies have proven their convenience for the preparation
of small and uniform vesicles. Higher homogeniza-
tion pressures and repeated recirculation led to fur-
ther reduction in vesicle diameter and heterogeneity.

According to Bernoulli’s law, static pressure
within a fluid decreases at high velocity of flow. If
the local pressure is falling below the steam pressure,
bubbles filled with steam or gas arise and grow until
re-elevation of the pressure causes their implosion.
The surrounding water and lipid bilayers are acceler-
ated toward the middle of the buble, followed by
shock waves. This effects high local stress and the
main results are reduction in the number of bilayers
and decreasing diameters of the vesicles [10].

The reduction in size, broadness of the size-
distribution, and lamellarity of ,handshaken lipo-
somes* during high-pressure homogenization de-
pends on lipid composition, homogenization pressure
and number of passages.

Preparation of liposomes with high-pressure ho-
mogenizers has many advantages. It avoids organic
solvents or tensides, it is versatile in regard to choice
of lipids and drugs, it achieves homogeneous distri-
bution of binary lipid mixtures without prior dissolu-
tion in organic solvents, any concentration of lipids
can be processed, vesicle formation is not dependent
on salt concentration or pH of the aqueous solution,
labile proteins and peptides can be entraped with low
risk of loss of biological activity, the process may
easily be scaled up, and the physicochemical stability
of vesicles is not affected over at least 5 months [10].

The aim of our study was to prepare liposomal
dispersions and to determine the influence of cycles
of high pressure homogenization on some parame-
ters, such as vesicle size and polydispersity index
(PDI).

MATERIAL AND METHODS

MATERIALS

For preparing liposomal dispersions, phospholip-
ids Phosal IP 40 and Phosal 75 SA were used (Lip-
oid, Germany).

PHOSAL | Phospholipids: Phosphatidylcholine + Lyso-
IP 40 phosphatidylcholine [%] n.l.t. 37;

Non-polar lipids [%] 35-45; Ethanol [%]
n.m.t. 5; Tocopherols [%] n.l.t. 0.05

PHOSAL | Phosphatidylcholine [%] 72.0-78.0; Lyso-
75 SA phosphatidylcholine [%] n.m.t. 6.0
Ethanol [%] 8.0-10.0

PREPARATION OF LIPOSOMAL DISPERSIONS

Formulation 1 — Phosal IP 40
Phosal IP 40 109
Agua ad injectabilia 90 g

Formulation 2 — Phosal 75 SA
Phosal 75 SA 109
Agua ad injectabilia 90 g

Liposomal dispersions were prepared by dissolv-
ing precise amounts of Phosal IP 40 or Phosal 75 SA
in Aqua ad injectabilia. Phase mixing and homogeni-
zation was performed by Ultra Turrax Ika T25-
Digital, 15 minutes at 5000 rpm.

After that, dispersions were homogenized in a
high pressure homogenizer (Emulsiflex-C3, Avestin,
Canada) at 500 bar in 10 cycles to optimize homoge-
nization .

The samples were taken after each cycle . By
sampling after each cycle, an estimate was made of
how many cycles are needed for the dispersion to
have satisfactory parameters (based on measurements
of liposome size and PDI).

MiCROSCOPY

The structures of liposomes were evaluated with
optical microscope (BA310 Motic optical micro-
scope, Speed Fair Co. Ltd., Hong Kong, China) at
a magnification of 100 x. Microphotographs were
taken with Optika Pro 3LT camera processed with
Optika Vision Pro Software (Optika Microscopes,
Ponteranica, Italy).

SIZE ANALYSIS AND PDI

The vesicle size and PDI analysis of the lipo-
somes were carried out by using Zetasizer (Nano se-
ries) ZS 90, Malvern Instruments. The width of the
size distribution was indicated by the polydispersity
index (PDI). Samples were analyzed 24 h after prep-
aration and diluted with Aqua purificata in a ratio of
1: 1000. All measurements were performed in tripli-
cate.

RESULTS AND DISCUSSION

Both liposomal dispersions were milky disper-
sions, and the presence of liposomes was demonstrat-
ed by observation under a microscope at a magnifica-
tion of 100 x (Figure 1).
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Figure 1. Liposomes under microscope at a magnification
of 100 x (small round creatures are actually formed
liposomes of different sizes)

Results of the characterization studies (size, pol-
ydisperzity index (PDI)) of liposomal dispersions are
shown in Tables 1 and 2.

Table 1. Size analysis and PDI of liposomes with Phosal IP 40

Phosal

1P40 Size (nm) PDI PDI width
(1:1000)

Cycle 385.4+2.629 0.382+0.013 238.1+2.52
Cycle 340.9 + 5.43 0.302 +0.033 187.2+1.20
Cycle 319.1+£6.74 0.261 £0.010 162.9 +1.66
Cycle 306.3 +7.85 0.295 +0.028 220.6 + 13.46
Cycle 294.9 +0.568 0.258 +0.019 149.8 +1.84
Cycle 288.1 +0.850 0.241 +0.006 141.5+1.84
Cycle 283.5+5.122 0.235+0.015 137.4+6.17
Cycle 279.6 £5.52 0.229+0.012 133.6 £ 3.46
Cycle 270.9 +2.139 0.236 +0.014 131.5+4.0
Cycle 257.6 +2.066 0.232 +0.021 124.0 +£4.979

Table 2. Size analysis and PDI of liposomes with Phosal 75 SA

Phosal 75 | Size (nm) PDI PDI width
SA

(1:1000)

Cycle 269.8 £7.0577  0.395 +0.031 169.3£2.25
Cycle 239.1+2.074  0.293 +£0.027 129.4+7.012
Cycle 220.2 £1.102 0.291 £0.033 118.7+6.514
Cycle 212.1 +£5.749 0.283 £0.010 112.9 £1.626
Cycle 202.8+5.424  0.260 +0.005 103.5 +£3.58
Cycle 198.8 £0.723 0.263 £ 0.005 101.9 +0.862
Cycle 194.5 +1.793 0.249 + 0.005 96.92 +1.269
Cycle 191.1+£2.136  0.243 +0.007 94.18 £1.67
Cycle 190.1 £2.042 0.246 £0.016 94.24 +3.99
cycle 190.7+5.034  0.254+0.012 96.11 +£4.018

The aim of homogenization under high pressure
is to reduce the size of the liposomes and to achieve
homogeneity, as well as to increase the stability of
liposomal dispersions. High pressure homogenization
was carried out in 10 cycles and based on the ob-
tained liposome size and PDI values, was determined
how many cycles are needed in the process of ho-
mogenization.

The size of liposomes and PDI decreased signifi-
cantly to 5 cycles, and the following values after fifth
cycle were obtained. For Phosal IP 40 the size of lip-
osomes was 294.9 + 0.568, and PDI was 0.258 +
0.019. For Phosal 75 SA the size of liposomes was
202.8 +5.424, and PDI was 0.260 + 0.005.

The average size and size distribution of lipo-
somes are important parameters especially when the
liposomes are intended for therapeutic use by inhala-
tion or parenteral route [11]. The liposomes with size
< 300 nm are able to deliver their contents to some
extent into the deeper layers of the skin [12]. So for
example, these liposomal dispersions could be used
in the preparation of dermal preparations.

Polydispersity index is usually considered as an
indicator of particles diameter distribution in a col-
loidal system. The lower level of this index, the more
likely the particle diameter distribution is narrower,
so the diameter of particles is more uniform. The val-
ue of less than 0.1 for this index shows a homogene-
ous population and a value greater than 0.3 indicates
a high degree of heterogeneity [13]. The values of
PDI were lower than 0.3, and the liposomal disper-
sions can be considered homogeneous.

In our research, with each cycle the size of the
liposomes decreased and PDI value was reduced. It
has been observed that after 5 cycles of homogeniza-
tion there is no significant decrease in the size of the
liposomes and PDI. Further recirculation can cause
vesicle re-growth and therefore, no further homoge-
nization is required after 5 cycles.

The length of homogenization is also very im-
portant, and should not be carried out in too many
cycles, especially for dispersions with thermolabile
active substances. Therefore, we recomend only 5
cycles of high pressure homogenization in prepara-
tion of these liposomal dispersions and their use in
preparation of dermal products.

CONCLUSION

Based on the results of this research, it can be
concluded:
e High pressure homogenization reduced the
size of the liposomes and achieved
homogeneity.
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e The size of the liposomes and PDI values
were suitable for further use in the
preparation of pharmaceutical and cosmetic
products.

e For obtaining liposomal dispersions of
satisfactory characteristics, it was sufficient
to do 5 cycles of high pressure
homogenization, and therefore, in the further
production of liposomes with active
substances with these raw materials, is
recommended to wuse 5 cycles of
homogenization.
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ABSTRACT: The presence of E. coli in drinking water is not very common, however drinking water polluted
with E. coli can lead to infection and could cause serious illness. Water contamination can lead to adverse health
effects, including gastrointestinal illness, reproductive problems, and neurological disorders. More than 200 dis-
eases are derived from polluted water. The main objective of present research was to evaluate the effectiveness of
novel chlorine dioxide for the inactivation of E. coli in drinking water. Chlorine dioxide is made of two com-
pounds: liquid sodium chlorite and solid sodium-peroxodisulphate »in situ«. Chlorine dioxide composition is in
accordance with water treatment regulation [1]. In this experiment, different concentrations of chlorine dioxide
were added at different temperatures in order to determine the optimal conditions for E. coli removal from
drinking water. Results showed that optimal dose is 0.2 mg/L of chlorine dioxide at room temperature, while the
same dose was effective at increased temperatures at 30 °C and 40 °C. The contact time was less than 1 min.

KEYWORDS: drinking water disinfection, E. coli, chlorine dioxide

INTRODUCTION

Chlorine dioxide is known disinfectant agent. It is
formed after the reaction between NaClO, and HCI.
Beside chlorine dioxide also, NaCl is formed. The
chlorine dioxide solution is not stable due to CIO,
volatility. CIO, is very reactive in gaseous state
therefore, it is used as aqueous solution [2]. Chlorine
dioxide is more effective at lower temperature at cer-
tain contact time. Experiments showed that it is ef-
fective already after 1 min. Besides temperature, oth-
er factors such as pH, contact time and load of organ-
ic matter may influence the actual biocidal efficiency
of ClO, [3] The same authors also found that the effi-
cacy of CIO, is decreasing with increasing organic
load. Factor that affect the efficiency is also pH value
dependent, however in neutral range around pH = 7
the effectiveness does not change much as seen from
Figure 1.

Chlorine dioxide is an effective compound capa-
ble of destroying bacteria, viruses, fungi and other
cellular pathogens. It is used for drinking water disin-
fection as well as for disinfection of fruit in food in-
dustry. [4] Since chlorine dioxide destroys pathogens
by eliminating vital proteins, the microorganisms
cannot resist it by nor of their resistance mechanisms.
[4]. Human and animal cells are not free from the
cell-killing effect of chlorine dioxide, however, it is
not harmful to the animal organism in low doses.

Table 1 presents the comparison between differ-
ent disinfection products. Despite their efficacy, the
main limit of the currently applied disinfectants (e.g.

ozone, hydrogen peroxide, peracetic acid) is that they
are toxic even at low concentrations [4]. It is seen
that CIO, has some advantages regarding pH value
and low production of disinfection byproducts
(DBP). Most of DBP are formed by using chlorine,
such as trihalomethanes (THM), haloacetic acid
(HAAsS), chloramines, etc.

o7

Fraction (molar)
s o o
o >

03

pH

Figure 1. Effect of pH for the disinfection [5]

Table 1. Comparison of different disinfectant properties [6]

Chlorine ClO, Ozone
residual residual -
High low middle
pH dependence pH dependence  pH dependence
DBP: THM, HAAs, chlorites bromates
etc.
High bacteria Very high Very high
inactivation bacteria bacteria
inactivation inactivation
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In drinking water, some coliform bacteria are
present, among them E. coli in concentrations less
than 50 CFU/100 mL. The amount of total organic
halogen (TOCI) produced during ClO, oxidation was
generally over ten times lower than that produced in
chlorination [7] It was stated that humic acid (HA)
could react with chlorine dioxide [7]. Phenolic moie-
ties in humic acids were found to be the dominant
fast-reacting precursors, responsible for the massive
ClO, formation in the first 5-min reaction if the con-
centration of humic acid was above 2 mg/L [7]. CIO,
preferentially reacts with hydrophobic fractions of
humic acids and decomposes high molecular weight
fractions. Aromatic precursors (e.g., non-phenolic
lignins or benzoquinones) contributed to CIO, for-
mation over longer reaction time (up to 24 h).

The aim of the work was to determine the effi-
ciency of chlorine dioxide made in-situ on Escherich-
ia Coli inhibition (E. coli). The bacteria waere chosen
based on the fact that it is an indicator for water qual-
ity and the lifecycle of E. coli is longer than that of
other bacteria [8]. A certain concentration of chlo-
rine dioxide was added to constant number of E. coli
colonies under different conditions, dependent on
water temperature, chlorine dose and the concentra-
tion of organic compounds in water.

MATERIAL AND METHODS
MICROBIOLOGICAL EXPERIMENTS

The microbiological experiments were done in
cooperation with National laboratory for health, envi-
ronment and food (Maribor, Slovenia). Standard
method ISO 9308-1 (2014) was used for determina-
tion of E. coli.

100 ml of water was filtered through 0.45 um
membranes. Membrane is placed on the surface of
CCA medium and incubated at 36 °C and 44 °C for
24 h. The plates were examined for blue green colo-
nies (indicating production of 3-D-galactosidase pos-
itive and B-D-glucoronidase positive colonies have to
be counted as E. coli. In the untreated water solution
200 colonies of E. coli were added. After different
time units (1, 5, 10, 15 min) samples were taken and
the number of colonies was measured as (CFU/100
mL).

PREPARATION OF CLO?

The novelty of disinfection agent is that it could
be prepared »in situ« very quickly and no safety pre-
cautions are necessary. Chlorine dioxide was made of
two compounds: liquid sodium chlorite and solid so-

dium-peroxodisulphate »in situ«. Chlorine dioxide
composition is in accordance with water treatment
regulation [1]. In 100 mL of NaClO, 5,2 g Na,S,0s
was dissolved. Such solution is suitable for disinfec-
tion of 1500 L of H,0O. The reaction is:

2 NaClO, + Na,S,05 = CIO, + 2 Na,SO, (1)

Producer Biostream (Zero, Germany) claims that
the CLO, product does not depend of pH value.

CHEMICAL ANALYSES

Free and bound chlorine was determined with
colorimetric DPD method, while the pH was meas-
ured using pH meter WTW, Germany. The absorb-
ance (at 515nm) using Agilent 8453 UV-Visible
Spectrophotometer was measured after mixing regent
with samples. Based on calibration curve the CIO,
concentrations were determined. Excessive amount
of NH,Cl (21 mg) was added to another 10 mL of
samples to stop free Cl, reactions before measure-
ment of total chlorine concentrations. The total resid-
ual chlorine concentrations were also determined via
absorbance at 515 nm after mixing total chlorine re-
gent with samples. The free chlorine level was calcu-
lated by subtracting the residual CIO, from the total
residual chlorine. The LOD of CIO, and free chlorine
were 40 and 10 pg/ L, respectively. The analyses
were performed at room temperature.

RESULTS AND DISCUSSION

Chemical parameters (total chlorine, free chlorine
and ClO,) did not change if disinfectant was added.
The pH, as well as the concentrations of total and
free chlorine remained the same after the disinfec-
tion. The pH value of the water was between 7.4 and
7.5. The values of total and free chlorine were below
0.1 mg/L. The value of chlorine dioxide remained the
same after the disinfection: if 0.2 mg/L of chlorine
dioxide was added it remained 0.2 mg/L after disin-
fection.

To the initial water solution was spiked with 200
colonies of E. coli were added. For disinfection 0.2
mg/L CIO, was used. The results are presented in
Table 2.

From Table 2 it can be seen that already after 1
min, the disinfection was efficient and total E. coli
colonies were inactivated. The results are consistent
with another study where inactivation was reached
after 1 min [3]. From Figure 2 it is seen that no E.
coli colonies were detected.
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Table 2. The results after disinfection at 0.2 mg/L ClO2 at 20 °C

Time (min) E. coli (CFU/100 mL), 20 °C
0 200
05 100
1 0
5 0
10 0
15 0

Figure 2. Plate with no detected E. col.

In the following experiments, the dose was low-
ered at 0.1 mg/L CIO,. The results are presented in
Table 3. As seen from Table 3 the results are the
same as presented in Table 2 at higher dose. E. coli
colonies were not totally removed by lower dose. The
optimum dose 0.2 mg/L CIO, is in accordance with
previously reported values [8]

Table 3. Results after disinfection at 0.1 mg/L CIO2 at 20 °C

As seen from Table 4 the results are similar as
with higher dose and lower temperature. Since the
initial value of 200 colonies is very low, it cannot be
assured that the same concentration of ClO, would
provide efficient inactivation at higher initial CFU. In
the next experiment the temperature was increased to
40 °C. The results were identical to those presented in
Table 4. However, due to cost limitation we could
not perform experiment with higher temperatures
(above 40 °C).

The literature claims that organic pollution could
affect the disinfection efficiency [5]. The experiment
was performed with water spiked with 0.1 mg/L and
0.2 mg/L of humic acid. The dose of 0.2 mg/L CIO,
was added to each sample. The results are presented
in Table 5.

Table 5. Resullts after disinfection at 0.2 mg/L ClIO2 and 0.2 mg/L
and 0.1 mg/L humic acid

Time E. coli (0.1 mg HA) E. coli (0.2 mg HA)

(CFU/100 mL)

(min) (CFU/100 mL)
0

200 200
1 0 0
5 0 0
10 0 0
15 0 0

Time (min) E. coli (CFU/100 mL)
0 200
1 3
5 1
10 1
15 1

Therefore, the experiments were performed at
higher temperature to prove if the temperature effects
the disinfection efficiency. The results with the 0.2
mg/L ClO, at 30 and at 40 °C are presented in Table
4.

Table 4. Results after disinfection at 0.2 mg/L CIO2

at 30 °C and 40 °C
Time E. coli E. coli
(min) (CFU/100 mL),30°C (CFU/100 mL), 40 °C
0 200 200
1 1 1
5 0 0
10 0 0
15 0 0

The results showed that low doses of humic acid
do not affect the disinfection in low concentrations at
0.2 mg/L. More studies should be done in higher
concentration range of humic acid since it was re-
ported in literature that concentration above 2 mg/L
of humic acid have major effect on CIO, efficiency

[6]

CONCLUSION

In this experiment, different concentrations of
chlorine dioxide were added at different temperatures
in order to determine the optimal conditions for E.
coli removal from drinking water. Results showed
that optimal dose is 0.2 mg/L of chlorine dioxide at
room temperature. The same dose was effective at
increased temperatures at 30 °C and 40 °C. The con-
tact time for efficient disinfection was less than 1
min. Humic acid did not affect the disinfectant effi-
ciency in concentrations below 0.2 mg/L.

REFERENCES

[1] World Health Organization (WHO): Drinking water, sanita-
tion and hygiene in schools: Global base line report 2018.
https://www.who.int/water_sanitation_health/en/ [Accessed
March 22, 2019].

ISSN 1840-0426 (P); ISSN 2232-7588 (E)

http:/tf.untz.baltechnologica-acta



14

M Simoni¢, M. Curlin, “The effectiveness of novel chlorine dioxide in drinking water disinfection”, Technologica Acta, vol. 12, no. 2, pp. 11-14, 2019.

(2]

(3]

[4]

[5]

A. Perc, The usage of chlorine, chlorine dioxide and ozone
as disinfectant in drinking water (Orig. slovene:Uporaba
klora, klorovega dioksida in ozona kot dezinfekcijskih
sredstev v pitni vodi). Ljubljana, 1996. [E-book]

K. Hassenberg, M. Geyer, M. Maurer, U. Praeger and W. B.
Herpipich, Influence of temperature and organic matter load
on chlorine dioxide efficacy on Escherichia coli inactiva-
tion, LWT- Food Science and Technology 79, pp. 349-354,
2017.

B. Palsco, Z. Moldovan, K. Suvegh, A. Herczegh and R.
Zelko Chlorine dioxide-loaded poly(acrylic acid) gels for
prolonged antimicrobial effect, Materials Science and Engi-
neering: C, 98, pp.782-788, 2019.

The Environmental Protection Agency. Water Treatment
manual: Disinfection, Office of Environmental Enforce-
ment, 2011. [E-book]

(6]

(7]

(8]

[9]

W. Gan, S. Huang, Y. Ge, T. Bond, P. Westerhoff, J. Zhai
and X. Yang, Chlorite formation during CIO2 oxidation of
moedel compounds having various functional groups and
humic substances, Water Research 159, pp. 348-357, 2019.

G. H. Hua and D. A. Reckhow, Comparison of disinfection
byproduct formation from chlorine and alternative disinfect-
ants, Water Research, 41 (8), pp. 1667-1678, 2007.

J. Schijven, P. Teunis, T. Suylen, H. Ketelaars, L. Hornstra
and S Rutjes, QMRA of adenovirus in drinking water at a
drinking water treatment plant using UV and chlorine diox-
ide disinfection, Water Research158, pp.34-45, 2019.

Sovi¢ N. Monitoring pitne vode 2017 - Letno porocilo o
kakovosti pitne vode v Sloveniji 2017. Maribor, 2018.
http://www.nijz.si/sites/www.nijz.si/files/publikacije-
datoteke/pr17monitoring_pv_letno_porocilo_2017.pdf/ [As-
sessed August 24, 2018].

ISSN 1840-0426 (P); ISSN 2232-7588 (E)

http:/tf.untz.baltechnologica-acta



A. Bratov¢i¢, “Synthesis of gel air freshener and its stability”, Technologica Acta, vol. 12, no. 2, pp. 15-21, 2019. 15

SYNTHESIS OF GEL AIR FRESHENER

AND ITS STABILITY

Amra Bratovcié

RECEIVED
2019-10-08

ACCEPTED

2019-11-29 Tuzla, Bosnia and Herzegovina

ORIGINAL SCIENTIFIC PAPER

DOI: 10.5281/zenodo0.3643388

Department of Physical Chemistry and Electrochemistry, Faculty of Technology, University of Tuzla, Urfeta Vejzagi¢a 8, 75000

P« amra.bratovcic@untz.ba

ABSTRACT: Fragrance compounds have been used since antiquity to freshen the air or to mask the odours. Dif-
ferent types of air fresheners are known such as electric air fresheners with 30% market share, sprays, including
aerosol air fresheners with 27%, car air fresheners with 16%, gel air fresheners with 9%, candle air fresheners
and wax melts with 7 %, liquid air fresheners with 6% and others. According to research studies, in the United
States, 34.7% of the population reported health problems, such as migraine headaches and respiratory problems,
when exposed to fragranced products. Thus, there are numerous studies with strong evidence that fragmented
products can trigger adverse health effects in the general population. Considering that air fresheners have been
associated with adverse negative health effects that was the motive for proposing an alternative way of synthesis
of gel air fresheners that is more green and more healthy. In this paper the gel air fresheners were synthesized by
a simple and green sol-gel reaction using natural biodegradable polymer gelatin and lavender essential oil, as well
as with natural banana aroma. The 3D structures of gel air fresheners of desired shapes and odours were ob-
tained. The change in the 3D structure at room temperature was evident, probably as a result of thermal degra-
dation and water evaporation. Anyway, the gel air freshener obtained with lavender essential oil is more accepta-
ble to human health than commercially available ones. The results obtained in this study suggest that further im-
provement in stability should take place.

KEYWORDS: gel air freshener, synthesis, gelatin, lavender essential oil, natural banana aroma, health impact

INTRODUCTION

Fragrance compounds have been used since an-
tiquity to fresh air and mask odours. For example, the
ancient Egyptians were known to use musks and oth-
er natural materials to scent their tombs. Over the last
2,000 years a variety of compounds, including nu-
merous spices and floral extracts, have been used for
their ability to impart a pleasant aroma. However, the
first modern air freshener was introduced in 1948.
This product, using technology developed by the mil-
itary to dispense insecticides, was a pressurized spray
containing about 1% perfume, 24% alcohol or other
solvents, and 75% chlorofluorocarbon (CFC) propel-
lant.This was able to deliver a fine mist of fragrance
that remained suspended in the air for a long period
of time. This format of the product became the stand-
ard in the industry and sales grew tremendously. In
the early 1950s, many companies began to add
odour-counter-act ant chemicals to their formulas.
These were chemicals that were intended to actually
destroy or neutralize offensive odours, as opposed to
simply masking them with fragrance. Perfumery
houses showed these active chemicals were capable
of reducing a variety of unpleasant odours, such as
cigarette smoke, urine and faecal odours, cooking
smells, and amine odours typically associated with
fish. Compounds used for this purpose included vari-

ous unsaturated esters, long-chain aldehydes and a
few pre-polymers. In modern society, nearly all the
people are familiar with air freshener. Air freshener
is made from two major components. The first com-
ponent is deodorant, which generally includes propel-
lants, condensed gases, and substances which can
have chemical reaction with sulphur compounds,
ammonia, amines, formaldehyde, such as ferrous sul-
phate.

And the second component is freshener, which
generally includes polyols, peppermint oil, essence
and other substances.

In the last 25 years, aerosol air freshener formu-
las were modified to improve performance and re-
duce formula costs. The market significantly shifted
away from aerosols, due to concerns about destruc-
tion of the ozone layer by chlorofluoro-carbons
(CFCs).

While reformulation by the aerosol industry has
kept this product form from disappearing completely,
alternate air freshener delivery forms have become
increasingly popular. In the 1990s, a resurgence in
potpourri and candles lead to a host of new air fresh-
ening products. For example, Kalib Enterprises Ltd.'s
Potpourri (Figure 1), which contains a blend of dry
spices and herbs, uses a battery-operated fan to circu-
late fragrance throughout the room.
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Figure 1. Potpourri packet [1].

Arizona Natural Resources Inc.'s Crystal Candle
division has introduced candles that kill odours, as
well as aromatherapy candles that have specific ther-
apeutic uses.

One of the most innovative, and popular, new
formats is Glade Plug-Ins, manufactured by S. C.
Johnson of Racine, Wisconsin. By the late 1990s,
sales of air fresheners in the United States had ex-
ceeded several hundred million dollars per year. One
the most successful new products are Glade Plug-Ins
(Figure 2), which use heat generated by electric cur-
rent to vaporize air-freshening ingredients. It consists
of a tiny plastic tray containing a gel-like fragrance
concentrate.

Chtwem.

Figure 2. Glade Plug-Ins fragrance. [2]

The consumer simply peels a multilayer barrier
film from the top of the tray, leaving a permanent
membrane layer that allows the fragrance to diffuse
into the air. The tray is inserted into a warmer unit,
which then is plugged into an electrical outlet. As the
warmer unit heats up, fragrance permeates at a con-
trolled rate through the film membrane, dispersing
into the air [3].

The home air freshening sector is a multi-billion
dollar industry, which isn’t hard to believe given the
staggeringly high number of air freshening devices
available to consumers these days. From aerosols,
sprays, and candles, to plug-ins, oils, time releasers,
each with dozens of different scents to choose from,
the options are overwhelming.

Getting a fresh and graceful fragrance is very im-
portant as soon as the brain receives smells there will
be immediate memories and invocation create some
distressing mood.

45% A
40%
40% -
35% - 31%
30% -
25% -
20% - m Air care product

15%
15% -

0, -
10% 6% o
5% - 3%

0% -

North Europe Asia  Latin  Middle Australia
America Pacific America East

Figure 3. The worldwide representation of air care products

Air care product is a category which accounts for
9.5 billion USD globally (2016): North America —
40%, Europe 31%, Asia Pacific 15%, Latin America
6%, Middle East 5% and Australia 3% [4] (Figure 3).
There are many different formats of air care products.

35%
30%
25% -
20%
15% 4 = Air freshener
10%

5%

0%

electric aerosol  car gel  candle liquid  other

Figure 3. Different types of air fresheners

In figure 4 the percent of different types of air
fresheners are shown. Electric air fresheners with
30% market share, now are fast growing because of
increasing popularity of ultrasonic diffusers with
some natural essential oils for this format. Sprays,
including aerosol air fresheners 27% where we can
observe growing importance of non-aerosol air fresh-
eners and odour neutralizers. Car air fresheners with
16% share where especially new solid solutions
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launched. Gel air fresheners — 9%, stable product
with very good perspective in Asia where Indian
market is the most important for category. Candle air
fresheners and wax melts with 7%, where wax melts
products are very popular in North America and gain-
ing popularity in Europe and Asia Pacific. Liquid air
fresheners with 6% are the category with time-
honoured clients. Other category is about 5%. [4]

According to one survey, the most popular reason
to use air fresheners is because users like the fra-
grance with response of 51% of answers. The next
important reason to use air freshener is refreshing the
air in room with 44%. Also, to create specific atmos-
phere with 28% and to connect functionality of air
freshener as a decorative item in house.

Even 52% do not use air fresheners and the most
common reason is preference to open the window.
Second important reason not to use air fresheners is
because the fragrances are too strong with 31% and
conviction that these products are not environmental-
ly friendly with 23%. For 20% air fresheners are ex-
pensive, while 18% argues that air fresheners are not
good for health [4].

1.1 HEALTH IMPACTS

Frequent use of aerosols and air fresheners in the
home may make babies and pregnant women ill. Brit-
ish researchers have found that chemicals in these
products could be linked to headaches and depression
in mothers, and to ear infections and diarrhoea in ba-
bies. Aerosols and air fresheners contain dozens of
volatile organic compounds (VOCSs) such as xylene,
ketones and aldehydes, which can be toxic in high
doses. VOCs are compounds with a low boiling point
that form gas or vapour at room temperature. This
make them excellent scent dispersal agent. Unfortu-
nately, aerosols and air fresheners have been linked
to an increased risk of asthma, particularly in chil-
dren [5].

Britain is the biggest producer and user of aero-
sols in Europe, with the average British household
buying 36 aerosol spray cans a year. In a survey of
14,000 pregnant women, epidemiologists at the Uni-
versity of Bristol found that those who used aerosols
and air fresheners most days suffered 25 % more
headaches than those who used them less than once a
week. There was also a 19 % increase in postnatal
depression among women who frequently used air
fresheners. The study, which was presented at an in-
ternational conference on indoor air pollution in Ed-
inburgh, found that babies under six months old who
were exposed on most days to air fresheners had 30
% more ear infections than those exposed less than

once a week. There was also a 22 % increase in diar-
rhoea among babies frequently exposed to aerosols.
The biological mechanisms by which the chemicals
may make people more susceptible to diseases still
need to be worked out. However, experiments on
mice suggest that the chemicals in air fresheners may
weaken the body’s defences by making the skin more
permeable. A study in the US, also reported that mice
exposed to VOCs from a solid air freshener experi-
enced breathing difficulties. Rosalind Anderson from
Anderson Laboratories, a private research facility in
Vermont, believes that humans could be similarly
affected.

According to Steinemann [6] research, who has
extensively studied the health impacts of fragranced
household products, one-quarter of the ingredients in
air fresheners are classified as toxic or hazardous.
Steinemann [6] also studied the multiple dimensions
of exposures related to fragranced products and ef-
fects in the US population. 34.7 % of the population
reported health problems, such as migraine head-
aches and respiratory difficulties, when exposed to
fragranced products. Further, 15.1 % have lost work-
days or a job due to fragranced product exposure in
the workplace. Also, 20.2 % would enter a business
but then leave as quickly as possible if they smell air
fresheners or some fragranced product. Over 50% of
the population would prefer that workplaces, health
care facilities and professionals, hotels, and airplanes
were fragrance-free. While prior research found that
common fragranced products, even those called
green and organic, emitted hazardous air pollutants,
more than two thirds of the population were not
aware of this, and over 60% would not continue to
use a fragranced product if they knew it emitted such
pollutants. Results from this study provide strong
evidence that fragranced products can trigger adverse
health effects in the general population. The study
also indicates that reducing exposure to fragranced
products, such as through fragrance-free policies, can
provide cost-effective and relatively simple ways to
reduce risks and improve air quality and health.

1.2 TOXICITY OF CHEMICAL INGREDIENTS IN AIR
COMMERCIAL FRESHENERS

In 2010, the International Fragrance Association
released a master list of over 3,100 chemicals that are
used by most manufacturers. Chemicals on that list
include carcinogens like p-dichlorobenzene and sty-
rene oxide, endocrine disruptors like galaxolide and
tonalide, reproductive toxicants like phthalates, prob-
lematic disinfectants like triclosan and ammonium
quaternary compounds, and numerous allergens. A
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fragrance can be made up of more than 100 chemi-
cals and could include any of those harmful chemi-
cals.

The Natural Resources Defence Council (NRDC)
conducted the research and reveal that 86% of air
fresheners tested contained phthalates. Phthalates are
versatile chemicals, used as solvents in perfumes and
fragrances, as softeners in plastics, as anti-foam
agents in aerosols, and as sealants and adhesives.
Given their many uses, phthalates are found in a wide
array of consumer products, including cosmetics and
fragrances, pesticides, pharmaceuticals, vinyl chil-
dren’s toys, automobiles, paints, and interior finishes.
Phthalates are used in air fresheners to dissolve and
carry the smell of fragrances. When people use air
fresheners, the phthalates are released into the air.
They may then be inhaled, or the aerosol particles
may land on the skin and be absorbed. Unfortunately,
the rise in popularity of air fresheners has outpaced
awareness of the potential health threats from expo-
sure to the chemicals they may contain. Most
phthalates are well known to interfere with produc-
tion of the male hormone, testosterone, and have
been associated with reproductive abnormalities.
Numerous animal studies have linked prenatal expo-
sure to certain phthalates with decreases in testos-
terone, malformations of the genitalia, and reduced
sperm production [7].

Even if phthalates are found not to be highly car-
cinogenic in humans, however, the UK’s Public
Health Centre for Radiation, Chemical and Environ-
mental Hazards has revealed that air fresheners typi-
cally contain formaldehyde which is toxic compound.

The lowest concentration reported to cause senso-
ry irritation of the eyes in humans is 0.36 mg/m? for
four hours. Increases in eye blink frequency and con-
junctival redness appear at 0.6 mg/m®, which are con-
sidered equal to the no observed adverse effect level
(NOAEL). A short-term (30-minute) guideline of 0.1
mg/m® is recommended as preventing sensory irrita-
tion in the general population. Evaluations of long-
term effects, including cancer, based on a NOAEL
and assessment factor approach, as well as estimates
from the biologically motivated models, yield similar
results, with values of approximately 0.2 mg/m® [8].
Formaldehyde is a well-known human carcinogen
that has been definitively linked to cancers of the
nose and throat. It is also known to cause ongoing
irritation of the throat and airways, potentially lead-
ing to dangerous infections, frequent nosebleeds,
asthma, and other respiratory ailments, reported the
US government’s National Toxicology Program.
These risks are particularly elevated in the elderly,
infants, and people with compromised immune sys-

tems. In fact, in 2013 has been reported in the Inter-
national Journal of Public Health the study of more
than 2,000 pregnant women and were found that
women who used plug-in air fresheners during gesta-
tion were statistically far more likely to have babies
that suffered from serious lung infections.

Wolkoff and Nielsen in 2017 [9] reviewed how
the four major abundant and common airborne fra-
grances a-pinene (APN), limonene (LIM), linalool
(LIL), and eugenol (EUG) impact the perceived in-
door air quality as odour annoyance, sensory irrita-
tion and sensitization in the airways. They assessed
breathing and cardiovascular effects, and work per-
formance, and the impact in the airways of ozone-
initiated gas- and particle phase reactions products.

Human exposure studies with mixtures of APN
and LIM and supported by animal inhalation models
do not support sensitization of the airways at indoor
levels by inhalation that include other selected fra-
grances. Human exposure studies, in general, indicate
that reported lung function effects are likely due to
the perception rather than toxic effects of the fra-
grances. In general, effects on the breathing rate and
mood by exposure to the fragrances are inconclusive.
The fragrances may increase the high-frequency heart
rate variability, but aerosol exposure during cleaning
activities may result in a reduction. Distractive ef-
fects influencing the work performance by fra-
grance/odour exposure are consistently reported, but
their persistence over time is unknown. Mice inhala-
tion studies indicate that LIM or its reaction mixture
may possess anti-inflammatory properties. There is
insufficient information that ozone-initiated reactions
with APN or LIM at typical indoor levels cause air-
way effects in humans. Limited experimental infor-
mation is available on long-term effects of ozone-
initiated reaction products of APN and LIM at typical
indoor levels.

1.3 AN ALTERNATIVE WAY OF SYNTHESIS OF AIR
FRESHENERS

Considering that air fresheners have been asso-
ciated with adverse health effects, such as migraine
headaches, asthma attacks, mucosal symptoms, infant
illness, and breathing difficulties, it is challenge and
need to find an alternative way of synthesis more
green and more healthy.

1.4 GELATIN AS THE MAIN NATURAL POLYMER COMPOUND
IN THIS SYNTHESIS

In this study, gelatin has been selected as the
main ingredient in the recipe. Gelatin is a natural bi-
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odegradable polymer. Gelatin, one of the most versa-
tile, naturally occurring biopolymers, is widely used
in food products and pharmaceutical dosage forms.
Gelatin is composed of 50.5% carbon, 6.8% hydro-
gen, 17% nitrogen and 25.2% oxygen [10]. Gelatin
is an animal protein prepared by the partial hy-
drolysis of collagen which is fibrous insoluble pro-
tein, isolated from animal skin and bones, with
very dilute acid.

The rigid bar-like molecules which build collagen
are arranged in fibres is interconnected by covalent
bonds [11]. These molecules have three polypeptide
chains arranged in a triple helix that is stabilized by
hydrogen and hydrophobic bonds. The particular
structure of the triple helix is due to repeating Gly-X-
Y sequence (Glycine-proline-Hydroproline). Only
the very short N- and C- terminal regions, called
telopeptides, do not form the triple helical structure
[12]. Lysine and hydroxylysine (Hyl) residues and

aldehyde derivatives from them makes intra- and in-
ter-molecular covalent crosslinks [13] which bonds
hold the atoms or ions together as a compound. Gela-
tin is heterogeneous mixture of of a-chains (one
polymer/single chain), f-chains (two a-chains cova-
lently crosslinked) and y-chains (three covalently
crosslinked a-chains) [14] and containing between 50
— 1000 amino acids.

Typical gelatin structure is Ala-Gly-Pro-Arg-Gy-
Glu-4Hyp-Gly-Pro- [15].

The triple helix of type | collagen extracted from
skin and bones, as a source for gelatin, is composed
of al (I) and one 02(I) chains, each with molecular
mass = 95 kD, with 1.5 nm and length = 0.3um. The
triple helices are coated by a cylinder of hydration
with their grooves filled with solvent molecules, and
this coating maintains the collagen’s conformation
and mechanical properties

o) 0 o) OH
Il H I | H Il
C—N—(l)H—C—N—(|3H—C—N—CI)H—C— N
0 o] CH H
H I I e /2 Ho|
MN—?H—C—N—(I:H -C—N CHy CH, ﬁ—N—CH—(n)— N
I
CHs H Sy c=o0 © O
NH o- |
| o]
c|: =NH,
NH2
Figure 5. Chemical structure of gelatin [16]
1.5 LAVENDER ESSENTIAL OIL MATERIAL AND METHODS

Lavender (lavandula angustifolia) is the most versa-
tile of all essential oils. The fragrance is calming,
relaxing and balancing physically and emotionally.

Figure 6. Lavender oil. [17]

Two samples of gel air fresheners with difference
in odour and colour were prepared.

2.1 PROCESS OF SOL-GEL SYNTHESIS

In 50 ml of distilled water at room temperature
was dissolved 15 g of gelatine. 150 ml of distilled
water was boiled and removed from the heat. The
gelatine solution was added to the boiling water and
mixed until yellow homogeneous solution was ob-
tained. In the first sample, 15 drops of natural laven-
der essential oil were added, without any colour add-
ed. In the first sample 1% of the salt was also added.
In the second sample 15 drops of natural banana
aroma were added and yellow food colour (on the top
of the teaspoon). After well stirring the homogeneous
mixture was pouring into a mould with different
shapes and then left in the freezer for 2 hours to cool.
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After cooling in the freezer the samples were taken
out at the room temperature. The 3D structures of gel
air fresheners of desired shapes and odours were ob-
tained.

RESULTS AND DISCUSSION

Prepared gel air fresheners are shown in figure 7.
It is possible to note the transition from sol to gel
state. The formation of gel state is observed after 2
hours of freezing. Considering that gelatin is a poly-
ampholyte it gels below 35-40 °C. The heterogene-
ous nature of the molecular weight profile of this bi-
opolymer is affected by pH and temperature, which
affects the noncovalent interactions and phase behav-
iour of gelatin solution [18]. Marty et al. 1978 [19]
first observed that the complex phase behaviour of
gelatin was affected by temperature and other exper-
imental conditions. In line with this finding, Figure 7
and 9 confirms the influence of temperature on gel
structure. According to literature data, the molecular
weight profile of gelatin remained unchanged at pH
5.0 to 7.0. However, at pH < 6.0, the gelatin particles
lacked any net charge, resulting in aggregation at pH
> 7.5; the increased charge on the particles contribut-
ed to increased resistance to dehydration.

* Q’ E l 1 Cooling in the freezei

2 hours

*e2MHY
*0>EH49N

Sol —yellow homogeneous solution

Gel - 3D structures

Figure 7. Sol-Gel transition and 3D structure formation.
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3.1 THE TEMPERATURE INFLUENCE

At room temperature long strings of amino acids
stick together in a formation called a triple matrix.
This allows each chain to bond to several others, and
form a complex 3D matrix. When gelatin is heated,
bonds between the chains are loosen, turning the sol-
id structure into a liquid. These gelatin chains have
hydrogen atoms attached to their sides. These hydro-
gen branches can weakly bond with water. The oxy-
gen atom is weakly bonded to the hydrogen atoms on
the sticky-out branches of the chain. When the water
receives a bit more energy by increasing the tempera-
ture, hydrogen bond will break, and the water mole-
cule will drift away. As the water cools, it slows
down until this weak bond can be re-established,
linking the water to the gelatin chain again.

The stability of synthetized gel air fresheners at
room temperature (around 28 °C) was studied few
days. The results of the stability are shown in figure
8.

It can be observed that the 3D structure is distort-
ed as time moves away, probably due to the loss of
water by evaporation. After 84 hours at room tem-
perature the mold starts to grow probably because of
the presence of water. Knowing that tiny mold spores
are all around us in the air, which is not harmful to
our health in moderation. Once a spore lands on a
surface, it searches for water and nutrients to feed
off. Considering that mold needs water, food, suitable
air quality and temperature in order to grow, this was
excellent indicator that this system is not adequate
and stable for the application at high temperatures.
Consequently, the stability of the system synthetized
has to be further improved.

after 84 hours after 108 hours

Figure 8. System stability over time.

at room

) temperature
-

. by freezing in
! the mould

36 hours at

Immediately after 2 hrs
room temperature

cooling in the freezer

Figure 9. A reversible reaction.

It seems that the sample with lavender oil is less
stable then the sample with natural banana aroma. In
the figure 9 is shown that this reaction is reversible
by changing the temperature.

CONCLUSION

The problem with commercially available fresh-
eners is that they can potentially have harmful ingre-
dients and it can be especially irritating for people
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with asthma and allergies. With this in mind, the
challenge for this type of research was the develop-
ment of new natural air fresheners with essential oils
such as lavender. In this paper the gel air fresheners
were synthetized by a simple and green sol-gel reac-
tion using natural biodegradable polymer gelatin and
lavender as essential oil and natural banana aroma.
The 3 D structures of gel air fresheners of desired
shapes and odours were obtained. The change in the
3D structure at room temperature was evident, prob-
ably as a result of thermal degradation and water
evaporation. Anyway, the gel air freshener obtained
in this research is more acceptable to human health
than commercially available ones. The synthetized
gel air fresheners in this way should be naturally anti-
fungal and anti-bacterial, very effective and easy to
prepare. The results obtained in this study suggest
that further improvement in stability should take
place.
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ABSTRACT:

Introduction: Previous studies have showed that fluorimetric analysis may be used as a simple, rapid, low cost
and reliable method for authentication botanical origin of honey. Primary aims of this study were to record fluo-
rescence spactra of acacia, meadow and honeydew honey samples and to determine content of flavonoid and pol-
yphenoles in relation to colour intensity of honey.

Material and methods: Fluorescence spectra of honey samples were recorded. Spectrophotometric analysis was
used to determine flavonoid and polyphenols content. The honey color scoring was developed by the authors as
the arbitrary system.

Results: Acacia honey showed high fluorescence emission intensity after an excitation at 340 nm, 390 nm and 440
nm. Meadow honey showed fluorescence after excitation at 390 nm and 440 nm, while fluorescence, caused by ex-
citation at 340 nm, was absent. Honeydew honey showed low intensity of fluorescence at 440 nm excitation while
fluorescence was absent at 340 nm and 390 nm excitation, respectively. Statistically significant difference was
found for flavonoids and polyphenols levels, between honeydew and acacia honey. Statistically significant differ-
ence in polyphenols levels between meadow and acacia honey was found. There was no statistically significant dif-
ference of flavonoids and polyphenols between samples of meadow and honeydew honey.

Conclusion: Fluorimetric profiles, flavonoid and polyphenols content, together with colour intensity of honey may
be useful in authenitication of botanical origin of honey.

KEYWORDS: florescence spectra, honey, botanical origin, flavonoids, polyphenols

INTRODUCTION

Honey is a natural product derived from honey-
bees from the nectar of flowers with a wide range of
minor constituents with antioxidant properties such
as flavonoids, certain enzymes (glucose oxidase, cat-
alase), amino acids and proteins. Generally, antioxi-
dants play an important role in food preservation and
human health by combating damage caused by oxi-
dizing agents. Over the past decades numerous meth-
ods and analyses were developed for determining
botanical origin of honey and its correlation with
phenolic and flavonoid contents as antioxidants of
honey [1]-[5].

Numerous different methods which are consid-
ered to be the traditional methods for authenticating
the botanical origin of honey require considerable
sample preparation, highly skilled personnel, and are
also time-consuming and costly [6]. Previous studies

have showed that fluorescence spectroscopy in honey
analyses has many advantages compared to other
methods such as better sensitivity, little sample prep-
aration and rapid, simple and low-cost usage [7], [8].
Primary aim of this study was to record fluorescence
spectra which were, according to our previous study,
critical for estimation of botanical origin analyzed
acacia, honeydew and meadow honey and also to
determine content of flavonoids and phenolic com-
pounds, strong fluorophores and well established
markers of botanical origin of honey [6], in relation
to colour intensity of honey.

MATERIAL AND METHODS

The honey samples which fluorimetric profiles
coincided with the manufacturer's statements on the
botanical origin were included in the study: 73 differ-
ent honey samples (11 acacia, 25 meadow, 9 honey-
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dew, 4 lime, 2 heather, 1 sunflower and 21 mixed
honeys). The number of 63 honey samples was col-
lected from individual producers from Boshia and
Herzegovina and 10 samples were commercially
available.

FLUORIMETRIC ANALYSIS

Fluorescence spectra of honey samples were rec-
orded at spectrofluorimeter RF-5301 PC (Shimadzu,
Japan). Fluorescence emission spectra from 290 nm
to 650 nm were recorded after excitation of the honey
samples at different wavelengths: 220 nm, 270 nm,
310 nm, 340 nm, 350 nm, 390 nm, 440 nm, 450 nm
and 460 nm. The entrance and exit slits for the exci-
tation light-beam were both 1.5 nm. Honey samples,
used for recording fluorescence spectra, were pre-
pared in the following manner: 20 g of honey were
incubated 8 h in a water bath at 40°C, cooled at room
temperature and then used for recording fluorescence
spectra in 1 cm quartz cell, without dilution and fil-
tering.

ESTIMATION OF TOTAL PHENOLIC COMPOUNDS

For the determination of total phenolic com-
pounds, a modified method of Singleton and Rossi
[9] was used. The amount of 5.0 g of honey was
treated with 50 mL of distilled water, mixed and fil-
tered through a qualitative filter. 500 uL of this solu-
tion was mixed with 2.5 mL Folin — Ciocalteau rea-
gent (0.2N) for 5 min. and then 2 mL of Na,CO; so-
lution (75 g/L) was added. The samples were incu-
bated at room temperature in the dark for 2 hrs and
the absorbance of the samples was measured at 760
nm. For the blank solution, methanol was used in
place of honey; a stock solution of gallic acid (1
mg/mL) was prepared for further dilution. The linear-
ity obtained was R? = 0.9987 (Y= 6.9156x). Results
were expressed as mg gallic acid equivalent (GAE)
per 100 g of sample.

DETERMINATION OF FLAVONOIDS

For flavonoids determination, 1mL of honey so-
lution (1 mg/mL) was mixed with 0.3 mL of 5%
NaNO, and after 5 minutes 0.3 mL of 10% AICI; was
added. The honey samples were mixed, incubated for
6 minutes and neutralized with 2.0 mL of 1M NaOH
solution. The absorbance was read at 510 nm. Quer-
cetin was used to calculate the standard curve. A lin-
earity of 0.998 (R? was obtained (Y= 0.378x —
0.002), and result expressed as mg quercetin equiva-
lent (QE) per 100 g of sample [8].

COLOR SCORING

The honey color scoring was developed by the
authors as the arbitrary system. The color intensity
was estimated by four independent observers. All
honey samples were classified into four groups: very
bright, bright, medium dark and dark.

STATISTICAL ANALYSIS

For statistical analysis of the results SPSS soft-
ware, release 20.0. (SPSS Inc., Chicago, IL, USA)
was used. Mann-Whitney U test was used to compare
differences in flavonoids and polyphenols levels be-
tween honey samples of different botanical origin.
Correlations between flavonoids, polyphenols and
color intensity were defined by Spearman rank corre-
lation analysis. In all tests, two-sided P below 0.05
was considered significant.

RESULTS AND DISCUSSION
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Figure 1. Fluorescence emission spectra of natural acacia,
meadow and honeydew honey from Bosnia and Herzegovina
recorded from 290 nm to 650 nm, at different excitation
wavelengths: 220 nm, 270 nm, 310 nm, 340 nm, 350 nm, 390
nm, 440 nm, 450 nm and 460 nm.
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According to our previous research, honey sam-
ples of same botanical origin had very similar set of
fluorimetric emission spectra [7], [8]. In most of the
tested samples, the obtained fluorimetric profiles co-
incided with the manufacturer's statements on the
botanical origin of honey. Also, by determining the
concentration of proline in honey samples, those
samples in which the proline was not detected were
excluded from the study as they were genuine [10].
Therefore, a further investigation included 9 samples
of acacia honey, 12 meadow samples and 11 samples
of honeydew honey.

Fluorimetric profiles of acacia, meadow and hon-
eydew honey are presented in Figure 1. Acacia honey
showed high fluorescence emission intensity after an
excitation at 340 nm, 390 nm and 440 nm. Meadow
honey showed fluorescence at excitation at 390 nm
and 440 nm, while fluorescence emission, caused by
excitation at 340 nm, was absent. Honeydew honey
showed low intensity of fluorescence at excitation at
440 nm while fluorescence intensity was absent at
excitation at 340 nm and 390 nm. These excitation
wavelengths and resulting fluorimetric profiles repre-
sent a possible algorithm for fast characterization of
botanical origin of honey samples. In further experi-
ment, fluorescence emission profiles were used to

differentiate honey samples into three groups: acacia,
meadow and honeydew. Samples which fluorimetric
profiles were of mixed character were not included in
the further analysis.

Intrinsic fluorophores and their specific microen-
vironments in honey produce a complex excitation-
emission pattern which varies among samples.
Dramicanin and colleges have found five spectral
regions of high emission intensities for natural hon-
eys [11]. Our results of fluorescence emission spectra
after excitations at 310 nm, 340 nm and 350 nm, for
acacia honey were in accordance with the fourth
spectral region, obtained after the excitation from 310
nm to 360 nm [11]. However, according to our re-
sults, fluorescence spectra of honeydew and meadow
samples showed very low fluorescence emission
when excited in this region. Moreover, the fluores-
cence emission after an excitation at 310 nm, 340 nm
and 350 nm, together with fluorescence emission at
420 nm after the excitation between 220 nm and 400
nm [7], represents one of the key results for identifi-
cation of acacia honey.

In Table 1 the descriptive statistics for proline,
flavonoid and polyphenol values in three analyzed
honey groups are presented.

Table 1. Descriptive statistics for proline, flavonoids and polyphenols in different types of honey

Honey | Sample No Median + SD Range
Proline (mg/kg) 9 452.60 + 214.10 190.00 — 778.80
Acacia Flavonoids 7 15.49 + 0.39 8.45-19.89
(mg QE/100g)
Polyphenols 9 222.00 + 72.92 98.00 — 298.00
(mg GAE/100g)
Proline 12 694.60 + 340.30 279.60 — 1229.20
Meadow | (mg/kg)
Flavonoids 12 19.45 +16.23 5.81-67.42
(mg QE/100g)
Polyphenols 12 443.00 + 168.52 164.00 — 654.00
(mg GAE/1009)
Proline 11 665.60 + 386.14 331.60 — 1441.80
Honeydew | (mg/kg)
Flavonoids 9 22.53+9.81 11.97 — 4454
(mg QE/100g)
Polyphenols 11 388.00 + 147.10 240.00 — 642.00
(mg GAE/100g)

Acacia had the lowest levels and the honeydew
honey had the highest levels of flavonoids and poly-
phenols (Table 1). Obtained levels of polyphenols in
honeydew honey are consistent with the previously
published data [12] which showed higher levels of
phenolic compounds in honeydew honey in relation

to other honey samples. When honeydew and acacia
honey were compared, highly statistically significant
difference was detected for flavonoids and polyphe-
nols. We found statistically significant difference in
polyphenol levels between meadow and acacia honey
samples which is also in accordance with results ob-
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tained by other authors who found that meadow hon-
eys had significantly higher total phenolic content
than acacia honey [13]. In this research we have not
found statistically significant difference in the flavo-
noids content or in the content of polyphenols be-
tween samples of meadow and honeydew honey (Ta-
ble 2).

Table 2. Comparison of levels of flavonoids and polyphenols
measured in three different types of honey

Flavonoids Polyphenols
Honey Man Pvalue Man P value
Whitney Whitney
) U
Acacia Vs | g g 0.012* 65 0.001%*
honeydew
Acacla Vs | g g 0261 235 0.028*
meadow
Meadow vs | 0422 60 0.74
honeydew

(*) statistically significant difference
(**) highly statistically significant difference

Table 3. Correlations of flavonoids, polyphenols and color inten-
sity in different honey types

Sample Spearman P value
correlation
coefficient
Flavonoids vs Acacia 0.342 0.45
polyphenols Meadow 0.441 0.151
Honeydew 0.874 0.002*
Color intensi-
ty vs flavo- 0.608 0.001**
All honey noids
samples Color intensi-
ty vs poly- 0.546 0.001**
phenols

(*) statistically significant difference
(**) highly statistically significant difference

The results of correlations between flavonoids,
polyphenols and color intensity are presented in Ta-
ble 3. Correlation between flavonoids and polyphe-
nols was significant in the honeydew samples. On the
other hand, some authors [14] found low correlation
(R=-0.38) between total phenolic and total flavonoid
content in the honeydew samples analyzed.

Based on the color intensity, all honey samples
were classified into four groups: very bright (N=5),
bright (N=8), medium dark (N=8) and dark (N=11).
In all analyzed samples, statistically significant corre-
lation was found between color intensity and the fla-
vonoid levels, and between color intensity and poly-
phenols, respectively (Table 3). Our results are con-
sistent with the results of Pontis et al. [15] who also

found significant correlation between color and fla-
vonoid and phenolic content of the honey samples
which they investigated.

CONCLUSION

Obtained results suggest that fluorimetric profile,
flavonoid and polyphenols content, together with
colour intensity of honey may be useful in authenti-
cation of botanical origin of honey. Further investiga-
tion is necessary for developing unique algorithm for
fast characterization of botanical origin of honey.
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ABSTRACT:

The assortment of pear in BiH is very diverse. A significant contribution to the cultivation of a large number of
sorts and varieties of pears was contributed by the constant migration of people who carried and planted fruit
trees with them. The largest number of fruit varieties and pears in BiH came from two directions. From the east
with the Ottoman Empire and from the west with the arrival of the Austro-Hungarian Empire. The pear, as a
fruit species, takes a significant place in fruit production, considering that it can be grown in a wide range of cli-
matic conditions, different ripen times, from early summer to late autumn, and multi-purpose use.The fact is that
many varieties of pears arrived from Turkey centuries ago and that they were preserved and retained in BiH.
This fact is corroborated by the names of variety / Karamut, Jeribasma, Black Izmir and others

The paper analyzes the following parameters: pH, total acidity in mmol / 100 g, pectic substance% Ca-pectinate,
raw fiber (%), vitamin C in mg / 100 gr, natural invert (%), total invert (%), total phenols in mg / 100 g of fruit,
soluble dry matter (° Brix).The aim of this paper is to determine the usable value and, therefore, the possibility of
introducing standard cultivars grown in Turkey to our area through physical and chemical analysis of fruits of
indigenous and standard pear trees.

The juice of the tested variety has a lower pH value than the reference values. Low supply of Ca pectate. Vitamin
C content is above average. The tested varieties in terms of soluble dry matter content meet the applicable legal

framework.

KEYWORDS: domesticated varieties, usable fruit value, migration, introduction

INTRODUCTION

In Bosnia and Herzegovina, the pear assortment
is colorful. In addition to standard varieties, William,
Bella di giugno, Santa Marie, Butire, Konferans, etc.,
varieties that have the status of autochthonous are
represented in pear cultivation, although it is not yet
precisely determined whether they are domesticated
or indigenou. The varieties names suggest that they
were introduced a long time ago and spontaneously
with the migration of the population, which is
characteristic of the Balkans. Thus we have
Jeribasma, Karamut, Stambolka, varieties of pears
whose names indicate that they are originally from
Turkey.So the dilemma remains what is the
autocthonous and what is the domesticated variety.
Thus, some researchers have given their definitions
of the term indigenous variety.Indigenous or
autocthonous varieties are considered to be all those
that originate in our country or have been grown in
our country for a long time and are of unknown
origin, but are of great economic importance and

represent a general national significance. They
usually have more important economic-biological
and pomological properties, which make them
suitable as starting material for selection®.

Traditional apple cultivars in Boshia and
Herzegovina are a valuable source of desirable
genetic  characteristics  including  important
pomological, nutritional and  technological
characteristics of the fruit’.

Often the same variety is called with many
different names, in different local conditions.The
cultivation of domestic and domestic varieties is
reduced to cultivation as solitary, single, plants®.
Very rarely they are planted in plantations. In the last
ten years there has been interest in their plantation
cultivation, but this is still negligible. It should be
emphasized that regardless of the cultivation system,
these varieties represent significant potential from the
point of view of the diversity of genetic material and
are the starting point for breeding and creating new
varieties. These varieties have been used for a long
time and have become resistant to certain diseases
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and pests, and are of interest in the production of
varieties resistant or tolerant to diseases and
pests.The diversity of cultivated plant species serves
as a basis for overall biodiversity in agriculture®. It is
very important to understand that by caring for
biodiversity, we actually care about millions of lives,
about nutrition and medicine, traditional and modern
pharmacology.

MATERIAL AND METHODS

The research included the following pear
varieties: Ankara, Black lzmir, Deveci, Jeribasma,
Karamut, Malatya, Margarita, Takisha.Fruit analysis
was done at the Food technology laboratory of the
Faculty of Technology in Tuzla.As the time of
ripening of the fruits is different, so the fruits of the
pears were harvested and delivered at intervals in
accordance with the ripening of the individual
varieties, and the samples for analysis were prepared
in three repetitions. Samples for analysis represented
the average composition of the fruit, and the result
was expressed as the mean of the three samples.
Preparation of the sample for physicochemical
analyzes involved the subtraction of the fruits into a
homogeneous slurry from which the given
parameters were determined. All analyzes were
performed in accordance with the Rulebook on
methods for sampling and performing chemical and
physical analysis to control the quality of fruit and
vegetable products.

The soluble dry matter (° Brix) and the refractive
index were directly read on the Abbe refractometer
scale.The method for determining the pH value is
based on measuring the potential difference between
two electrodes immersed in the test liquid, by
immersing the electrode in a homogenized sample on
the instrument directly reading the value with an
accuracy of 0.03. In this paper, the pH meter Mettler-
Toledo was used to determine the pH value.The
determination of vitamin C in the sample was
performed by dissolving the homogenized sample in
metaphosphoric-acetic acid, and the volume titrated
with 2.6 dichlorophenolindophenol until pink colour
is appear.

The results are expressed as mg / 100 g of fresh
sample.An indicator color change method was used
to determine the total acidity, which is based on
titration with sodium hydroxide solution in the
presence of phenolphthalein indicator.Total acidity is
expressed in millimoles of monobasic acid per 100
ml of product.The determination of the direct
reducing and total sugars was made using a Luff
solution according to the instructions explained in the
Rulebook on methods of sampling and chemical and

physical analysis for the control of the quality of fruit
and vegetable products. The method is based on the
principle that, under certain conditions, reducing
sugars (natural invert) convert cupric sulfate (CuSQOy)
from Luff's solution into copper oxide (Cu20). An
unspent amount of cupri-ion is retitrated with a
thiosulphate solution. The difference between the
blank and rehearsal expenditure shows the amount of
sugar in the table. Non-reducing disaccharide
(sucrose) must first be inverted, that is, hydrolyzed to
reducing monosaccharides by acid, and then
determined by Luff's solution. In this way, the total
amount of sugar in the test sample (total invert) is
obtained. The difference between the total invert
obtained and the natural invert yields the amount of
reducing sugars produced by sucrose inversion.

Determination of pectin in the form of Ca-pectate
is a method by which pectin is saponified to Na-
pectate and then precipitated with calcium, dried and
measured by the amount of precipitate.

The proportion is a certain amount of ground and
homogenized sample (depending on the amount of
pectate present in the raw material) and heated with
distilled water in a boiling water bath. After cooling
the contents, distilled water was added and filtered.
The resulting filtrate was mixed with NaOH, covered
with a watch glass and allowed to stand at room
temperature for 24 hours. The next day, acetic acid
was added to the test solution and calcium chloride
was added after 5 minutes, resulting in the formation
of calcium pectate. After the addition of calcium
chloride, the sample stood for 1 hour and then heated
to boiling for 3 minutes. The precipitate was
separated from the hot solution by filtration through
pre-dried and measured filter paper. Filtration should
be carried out quickly, as the cooled precipitate is
draining slowly. By washing with warm water, the
precipitate liberates all foreign constituents until
complete removal of the chloride ions (control with
AgNO3 solution). The precipitate filter paper was
dried in an oven at 105 ° C to constant weight,
cooled, measured, and then the Ca pectate was
recalculated.

The determination of the crude fiber was done by
mixing the sample with a mixture of acetic acid and
nitric acid and boiling it for half an hour under reflux,
then immediately while the fibers were still filtered
through dried and weighed filter paper, which was
precipitously dried in an oven at 105 ° C. to constant
mass, cooled, measured, and then the amount of
crude fiber was recalculated.

Total phenols were determined spectrophoto-
metrically in an ethanol extract of the sample by
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measuring the resulting color intensity at a
wavelength of 765 nm.

The method is based on the color reaction of
phenol with Folin-Ciocalteu reagent expressed in mg
of gallic acid per 100 g of fresh sample.

RESULTS AND DISCUSSION

From the standpoint of the pH value of the juice,
Graph 1, of the tested pear varieties, it can be stated
that the loweer pH value has the Ankara variety
(3.09), while Takisha has the highest pH value (5.71).
Generally, it can be stated that the juice of the tested
varieties has a lower pH value, except for the Takisha
variety, and it is not necessary to add citric acid in
order to obtain the acidity of the juice. The Takisha
variety is traditionally grown and used for the
purpose of drying and making jam.

PH OF THE JUICE

ANKARA N 3,09
CRNA IZMIRKA I 4,04
DEVEC! I 4,20
JERIBASMA NN 4,15
KARAMUT I 4,08
MALATYA I (8
MARGARITA I 3,95
TAKISA I 5,71

Graph 1: pH of the juice

Vitamin C content in juice, expressed as mg / 100
g of fresh sample, Graph 2, ranged from 2.41 for
Black Izmir to 7.23 for Ankara.According to
literature sources, pear fruit averages 4 mg / 100 g.
Based on the average content of vitamin C in the fruit
of the pear, it can be concluded that the tested
varieties, except Ankara, have an above average
content of vitamin C. This information is important
because of the importance of vitamin C in human
nutrition.

VITAMIA C CONTENT

pevec I 72
JeriBasvA I 53
KARAMUT I 7,2
MALATYA I 5,93
MARGARITA N 505
TAKISA I 6,05

ANKARA I 7,23
CRNA IZMIRKA NN 2,01

Graph 2: Vitamia C content

The total acidity of the juice, Graph 3, expressed
in mmol / 100 g, recorded the lowest value in the
Takisha variety (1.40 mmol / 100 g), while the
highest value was recorded in the Malatya variety
(4.80 mmol / 100 g)

TOTAL ACIDITY OF THE JUICE

pEvEC [N c14
MARGARITA [
TakiSa [ o010

JIERIBASMA [ ©.14
karAMUT [ ©22
MALATY A [ ©15

AnkARs I ©,22
crna izMirka [N ©,27

Graph 3: Total acidity of the Juice

The pectin content, graph 4, expressed through%
Ca-pectate was highest in the Malatya variety
(0.88%) and lowest in the Takisha variety
(0.13%).The pectin content of the raw materials was
investigated >° and it was concluded that the pear
contained 0.3 —3.8 Ca-pectate. The content of pectin,
Ca-pectate ranged from 0.13 to 0.88% and it can be
concluded that the tested pear varieties have low
supply of Ca-pectate

PECTIN CONTENT

DEVEC [ ©.29
JERIBASMA [ ©,42
KARAMUT [ ©,43
MALATY A I 0,53
MARGARITA I 42
TAKISA [l 013

ANKARA [ ©23
CRNA 1ZMIRKA [ ©.45

Graph 4: Pectin content

Pear is the best source of fiber. The
recommended daily amount of fiber is 20 - 35 g /
day.Dietary fiber is made up of edible plant cells,
polysaccharides, lignin and the like that are not
hydrolyzed or digestible in the human digestive tract.
The components covered by this definition are
cellulose, hemicellulose, lignin, inulin, gums,
modified cellulose, mucus, oligosaccharides, pectins,
waxes, quinine and suberin’.The lowest percentage of
crude fiber was recorded in the Black Izmirka variety
(1.66%), while the Malatya variety contained the
highest percentage of crude fiber (4.89%).
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PERCENTAGE OF RAW FIBERS

pEvEC I 4,05
JERIBASMA I 2,12
MALATYA [ 4,89

KARAMUT [N 3,36

ANKARA I 4,84
CRNA IZMIRKA [N 1,66

MARGARITA I 4,82
TAKISA I 209

Graph 5: Percentage of raw fibers

The highest phenol content, Graph 6, was
expressed in Karamut (89.04 mg / 100 g), while in
Ankara (16.06 mg / 100 g), the phenol content was
lowest.Due to the positive effect of phenol on the
human body, great attention is paid to the assortment
of fruits, and the preservation of phenols in fruits
during processing and storage.

FENOL CONTENT

TAKISA I 65,70
KARAMUT I £9,04

ANKARA N 16,06
DEVEC| I 36,06
MALATYA DN 4702
MARGARITA N 5598
JERIBASMA I 56,24

CRNA IZMIRKA NN 55,19

Graph 6: Fenol content

The highest soluble dry matter content, Graph 7,
was determined in Ankara (17.75 °© Brix) and the
lowest in the Takisha variety (13.00 ° Brix).The
obtained values of soluble dry matter for all tested
varieties of pears had a value greater than 10.0° Brix,
and according to this parameter, are, according to the
current legislation, suitable for marketing and
processing.

SOLUBLE DRY MATTER

2

5

AnNKARA I 17,75
CANA 1ZMIRKA I 13,50
pevec) (I 13,50
IERIBASMA (I 10,25
kARAMUT I 17,2
MALATYA [ 15,5
MARGARITA N 14,25
TAKISA N 13,60

Graph 7: Soluble dry matter

The total invert sugar, Graph 8, expressed in %
was the highest in the Karamut (14.08 %) and the
lowest percentage of total invert sugar in the
Margarita variety(6.86 %).

According to research’, the content of invert
sugar in the pear was 8.1%. Based on this we can say
that most of the varieties examined contain a higher
percentage of invert sugar (Karamut 14,08 %, Ankara
11,49 %, Takisa 10,80 %, Deveci 10,73 %, Malatya
10,47 %, Crna Izmirka 9,20 %).

PERCENTAGE OF TOTAL INVERT SUGAR

ANKARA [ 11.49
canA 1zMIRKA I ©.20
pevec! NN 10,73
1ErIBASvA [ 7.0
karamut I 1
MALATY A I 10,17
MARGARITA I 636
TakiSs I 10,50

Graph 8: Percentage of total ivert sugar

CONCLUSION

1. It can generally be stated that the juice of the
tested varieties has a lower pH value than the
reference values.

2. Based on the average content of vitamin C in the
fruit of the pear, it can be concluded that the
examined varieties, except Ankara, have an
above average content of vitamin C in
comparison with referens values.

3. The content of Ca-pectate ranged from 0.13 to
0.88% and it can be concluded that the tested
pear varieties have a low supply of Ca-pectate.

4. According to the content of soluble dry matter,
all varieties had values above 10,0° Brix and,
according to this parameter, are suitable for
placing on the market and processing in
accordance with the applicable legislation.

5. Of the varieties tested, 75% have above-average
total invert sugars.
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ABSTRACT:

Solanine is a glycoalkaloid found in the Solanaceae family, such as the potato. It is very poisonous even in small
quantities because it has pesticide and fungicide effects and represents a natural plant defense mechanism. Its
concentration increases when the plant is exposed to the agents that can cause plant stress (fertilization, insecti-
cide use, etc.). This paper aims to examine the influence of three cultivation systems (conventionally, organically
and naturally) on the biosynthesis of a-solanine (aS) through his quantification in young potatoes using densitom-
etry. Two varieties of potatoes were analyzed: Aladdin (Ala) and Mona Lisa (MoL). For statistical analysis, the
Student's t-test was used.

The results showed that the use of artificial insecticides caused a very intense biosynthesis of oS in the conven-
tionally grown Ala variety (1.19 mg/100 g of fresh tubers (f.t.)) in comparison to the average a-solanine content
(AaSC) by the organically grown Ala (0.62 mg/100 gz ) (it is close to the statistical significance, (p=0.08)). It is dif-
ficult to explain the very high AaSC of natural Ala cultivation (1.62 mg/100 gy, ).

Analysis of potatoes of the MoL variety showed that the AaSC of conventionally grown potatoes (1.35 mg/100 gsy)
was statistically higher than the AaSC of naturally grown potatoes (0.59 mg/100 g of f.t.) (p"<0.05). Also, AaSC of
the organically grown MoL (1.40 mg/100 g¢) was higher than the AaSC of naturally grown MoL, but without sta-
tistical significance (p>0.05).

Concentrations of aS founded in the case of conventionally, organically and naturally grown potatoes are consid-
ered safe and such potatoes are suitable for consumption. However, because of a slight reduction in toxic aS, it is
recommended to consume organically grown potatoes (Ala variety), and naturally grown potatoes (MoL variety).

KEYWORDS: glycoalkaloids; a-solanine; potatoes; densitometry.

INTRODUCTION in potatoes constitute an excellent source of lysine,
but not of cysteine and methionine, which limited
their nutritional value [3].

Historically, solanine is the first isolated alkaloid
[4] that has been recognized as a glycoalkaloid [5]. It
was not until 1955 that Kuhn and Low proved that
solanine was a mixture of two components, o-
solanine, and a-chaconine [6]. From 300 representa-
tives of the genus Solanum, 90 structurally distinct
steroidal alkaloids were isolated and characterized
[71, [8]. In conventionally grown potato varieties the
primary glycoalkaloids present are a-solanine and a-
chaconine. These two components show similar toxic
effects on humans [9], [10]. When crossing varieties,
care should be taken that the glycoalkaloid content
does not reach the limit at which it would not be safe

Most plants of the Solanaceae family are very
significant to humans. These include tobacco (Nico-
tiana spp.), sweet pepper (Capsicum annuum), egg-
plant (Solanum melongena), tomatoes (Lycopersicon
esculentum) and potatoes (Solanum tuberosum). Of
all these, the most important are potatoes.Although
potatoes are perceived as a source of carbohydrates,
they are equally good sources of high-quality pro-
teins [1], [2]. Fresh potatoes contain 2% of protein,
while dried potatoes have up to 10% protein. Marka-
kis (1975) calculated, based on amino acid composi-
tion, that the proportion of high-quality proteins in
potatoes was 70%, compared to proteins contained in
whole eggs. It should be emphasized that the proteins
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to use potatoes in the diet. However, many factors
can affect the level of glycoalkaloids in potatoes.
Climate change in the cultivation area can cause vari-
ations in glycoalkaloid concentrations among repre-
sentatives of the same variety [11], [12]. The tuber
does not cease to produce glycoalkaloids after har-
vesting, and improper storage can result in a dramatic
increase in these components [13]. Sinden (1972)
[14] indicated a greater increase in glycoalkaloids
due to mechanical damage to the tuber, and Petersen
(1993) emphasized that the damaged tuber should be
discarded, as should green potatoes [15].

The glycoalkaloids are not evenly distributed
within the tuber. The largest content is just below the
crust. Potatoes naturally produce solanine and the
related glycoalkaloid chaconine, which serve as a
mechanism of defense against insects, diseases, and
pests. Potato leaves, stems and shoots are particularly
rich in glycoalkaloids. When the potato tuber is ex-
posed to sunlight, it becomes green and the biosyn-
thesis of glycoalkaloids is increased. This process
reveals a tuber that "protects" from being eaten. The
green color is derived from chlorophyll and as such is
harmless. However, it is an important indicator that
solanine and chaconine are present in elevated con-
centrations in the tuber.

Certain diseases such as potato decay can dramat-
ically increase the concentration of glycoalkaloids. It
is believed to be a natural reaction of the plant, re-
sponse to infection or mechanical damage. If green
color is observed beneath the bark, this strongly sug-
gests that solanine is rewarded, although the two pro-
cesses can occur independently of one another. Sec-
ond and more reliable indicator of potato toxicity is
its bitter taste. Because of this appearance and the
bitter taste of potatoes, solanine poisoning is rare if
storage is taken into account. The most common
symptoms are vomiting and diarrhea, so poisoning
can be misdiagnosed as gastroenteritis. Most people
who are poisoned by solanine completely recover.
However, fatal cases were reported due to poor and
inadequate treatment. The deaths were also due to the
consumption of other plants of the willow family,
such as Solanum dulcamara (woody willow) [10],
[16], [17]. Recently, the relevance of a-solanine has
increased because of its possible role as an inhibitor
of breast, pancreatic, and esophageal cancers and
melanoma [18].

This study aimed to examine the influence of
three cultivation systems (conventionally, organically
and naturally) on the biosynthesis of a-solanine (aS)
through his quantification in young potatoes using
densitometry.

EXPERIMENTAL

Thin-layer chromatography with densitometry
detection (HPTLC) (Desaga, CD60 TLC scanner
with appropriate software, and Desaga AS 30 TLC
applicator, Heidelberg, Germany) was used to deter-
mine a-solanine in potatoes of the Mona Lisa and
Aladdin variety.

The extraction and precipitation were done ac-
cording to the protocol based on a quantitative meth-
od for solanidine glycoalkaloids [19]-[21]. The
washed, unpeeled potato tubers are cut into small
pieces or rendered. 30 g of ground potatoes was
weighted into a 300 mL flask and 200 mL of 96%
ethanol was added. The flask with the alcoholic pota-
to pulp was placed in a water bath at 90 °C and incu-
bated for 10 minutes. The resulting extract was fil-
tered through Whatman filter paper no. 1 via the
Biihner funnel. The filtered extract was evaporated to
a volume of 20 mL on a rotavapor, at 60 °C.After
evaporation, 50 mL of 10% acetic acid was added to
the resulting concentrate, mixed and centrifuged at
8000 rpm for 30 minutes at 10 °C. After centrifuga-
tion, the solution is poured into an Erlenmeyer flask
with a glass stopper and brought to pH 10 with am-
monia. The flask is immediately sealed (to prevent
evaporation of the ammonia) and heated in a water
bath at 70 °C for 20 min. After heating, the solution
was poured into 15 mL centrifugal tubes and cooled
at 4 °C for at least 3 h. The solution was centrifuged
at 8000 rpm for 30 minutes at 10 °C.

After centrifugation, the liquid portion is careful-
ly decanted and the glycoalkaloid precipitate remains
at the bottom of the cuvette. The precipitate was dis-
solved in 200 pl of the mobile phase.

CHROMATOGRAPHIC PLATE PREPARATION AND
CHROMATOGRAPHY

The glass is well cleaned with methanol before
developing the chromatographic plates. Silica gel
was applied to the plate and allowed to dry overnight.
Before use, the TLC plate was activated at 110 °C.
Twenty-one samples of 5 ul volume were applied at
8 mm intervals to the chromatographic plate. This
sample plate was heated to 90 °C for 30 minutes and
then placed in a mobile phase bath for 1 hour.

MOBILE PHASE SELECTION

Acid and neutral mobile phases did not show the
good separation of a-solanine and a-chaconine. Best
distributed was achieved in the alkaline mobile phase
containing methanol, chloroform and ammonium
hydroxide. The selected mobile phase was the di-
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chloromethane-methanol-water-ammonium  hydrox-
ide system (70 + 30 + 4 + 0.4 v / v), in which the
stain is well separated and the R; values are in the
range between 0.2 and 0.98.

SELECTION OF DETECTION REAGENTS

The Carr-Price reagent was chosen because of its
high sensitivity. Antimony(l1l) builds a double bond
with the steroid component, forming a red colour.
The reagent must be anhydrous as water interferes
with the reaction of antimony chloride with glycoal-
kaloids. Therefore, it is very important to heat the
plates to 90 °C (between the analysis steps) and pref-
erably keep them in a desiccator. The Carr-Price rea-
gent was modified because the addition of acetic acid
increased the sensitivity and colour remained stable
for a longer period.

DETECTION AND READING

After developing in the mobile phase, the plates
are air-dried for 15 minutes and then placed in the
oven for 60 minutes at a temperature of 90 °C. Direct
visualization is achieved when the plate is sprayed
with a modified Carr-Price reagent and then dried for
5 minutes at 105 °C. Glycoalkaloids will appear as
red spots. Densitometry reading is performed by re-
flection scanning at 507 nm. The determination is
best done 20 minutes after heating the plates, as the
red chromatographic zones of the glycoalkaloids turn
purple over time. For all these analyses, standards of
a-solanine were prepared in ethanol, with the follow-
ing concentration: 0.91 pg/ml, 9.01 pg/ml, 90.1
pg/ml, and 1000 pg/ml.

RESULTS AND DISCUSSION

Three samples of conventional, organic and natu-
ral cultivation were used to determine a-solanine in
the potato of Aladdin and Mona Lisa varieties. The
selected samples (tubers) were of approximate size so
that the samples had a close-ratio of peel to pulp as
possible. The amounts of a-solanine found in potato
samples of the Aladdin variety of conventional culti-
vation ranged from 0.47 to 1.73 mg per 100 g of the
fresh tuber (f.t.), with a mean of 1.19+0.64 mg/100
Ot

Organic-grown potatoes of Aladdin cultivar had
an a-solanine content of 0.07 to 1.72 mg/100 g of the
fresh tuber, with a mean of 0.62+0.95 mg/100 g;.
According to these results, the amount of a-solanine
found in organically grown samples is almost two
times smaller than the amount of a-solanine deter-

mined from samples of conventionally grown pota-
toes (Table 1).

Table 1. Amount of a-solanine in analyzed potato samples
Aladdin and Mona Lisa varieties

Variety System of a-solanine
of potato | cultivation content
(mg in 100 g
of fresh tu-
ber)

The average a-
solanine£S.D.
(mg/100 gy.)

1.71
Conventional 0.47 1.19+0.64
1.38

0.08
Organic 1.72
0.07

0.62+0.95"

Aladdin

1.76
Natural 1.25
1.86

1.6240.33"

1.45
Conventional 1.12
1.45

1.35+0.19™

2.96
Organic 0.57 1.40+1.35
0.68

Mona Lisa

0.98
Natural 0.20
0

0.59+0.56

*  the average a-solanine content (AaSC) of Aladdin variety was sta-

tistically smaller than the AaSC of Mona Lisa variety in organic cultiva-
tion (p“<0.05);

**  the AaSC of Aladdin variety was statistically higher than the AaSC
of Mona Lisa variety in natural cultivation (p"<0.05);

*** the AaSC was statistically higher than the AaSC of natural cultiva-
tion (p”<0.05).

The content of a-solanine in samples of naturally
grown potatoes ranged from 1.25 to 1.86 mg/100 gs..
The mean of the measured concentrations of
1.62+0.33 mg/100 g ¢, is 1.36 times higher than that
found in conventionally grown potatoes of the same
variety.

Analysis of potato samples of the conventionally
grown Mona Lisa variety found a-solanine content
from 1.12 to 1.45 mg/100 gy, with an average content
of 1.35+0.19 mg/100 g (Table 1). If this content is
compared to an average amount of up to 1.40+1.35
mg/100 g of fresh organic-grown tubers, it may be
observed that they do not differ significantly, while
the average amount of a-solanine in naturally grown
potatoes 0.59+0.56 mg/100 g¢; was 2.3 times small-
er.

The results obtained for a-solanine in samples of
different varieties but with the same cultivation sys-
tem were compared. The amount of a-solanine in
Aladdin and Mona Lisa varieties of conventional cul-
tivation does not differ significantly, while in organic
farming the amount of a-solanine found in Aladdin
variety is 2.3 times less than that found in the sam-
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ples of Mona Lisa variety. Regarding natural cultiva-
tion, the amount of a-solanine in Aladdin samples
was 2.7 times higher than that of Mona Lisa potatoes.

The results showed that the use of artificial insec-
ticides caused a very intense biosynthesis of aS in the
Ala variety by the conventionally cultivation system
[AaSC 1.19 mg/100 g¢;] in comparison to the AaSC
by the organically grown Ala (0.62 mg/100 g.) [it is
close to the statistical significance, (p=0.08)]. It is
difficult to explain the very high AaSC of naturally
grown Ala (1.62 mg/100 g ).

Analysis of potatoes of the MoL variety showed
that the AaSC of conventionally cultivation system
(1.35 mg/100 gs;) was statistically higher than the
AaSC of naturally cultivation system (0.59 mg/100
i) (p'<0.05). Also, the AaSC of organically grown
MoL (1.40 mg/100 gs.) was higher than the AaSC of
naturally grown MoL, but without statistical signifi-
cance (p>0.05).

CONCLUSION

From the results obtained in this study, it could be
observed that the use of artificial insecticides caused
a rather intense biosynthesis of a-solanine in the con-
ventionally grown Aladdin variety, compared to
those organically grown. The average content of a-
solanine was two times higher in conventionally vs
organically grown young samples of potatoes of
Aladdin variety.

The analysis of the potatoes of Mona Lisa variety
showed that the average content of a-solanine in
conventionally and organically grown potatoes did
not differ. However, the average content of a-
solanine in naturally grown potatoes is 2.3 times
lower than that of conventionally grown potatoes.
Comparing the results obtained for a-solanine in
samples of different varieties, but in the same cultiva-
tion system, we can see that the average content of a-
solanine in both conventional varieties does not differ
significantly. In a sample of organically grown pota-
toes, the average content of a-solanine found in the
Aladdin variety is 2.3 times less than that found in
the samples of the Mona Lisa variety. For naturally
grown potatoes, the average content of a-solanine in
Aladdin samples was 2.7 times higher than that of
Mona Lisa potatoes.

The concentrations of a-solanine that were found in
the case of conventional, organic and natural cultiva-
tion of potatoes are considered safe and such potatoes
are suitable for consumption. However, because of a
slight reduction in toxic a-solanine, it is recommend-
ed to consume organically grown potatoes (Aladdin
variety) and naturally grown potatoes (Mona Lisa
variety).
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FAGULTY OF TECHNOLOGY

e

The Ceremony Academy, which was held on
November 14th, 2019 in the Faculty amphitheater,
marked the jubilee of 60 years of existence and work
of the Faculty of Technology, University of Tuzla

In one of the lectures, the first generation of students
enrolled in 1959/1960 academic year

The Faculty of Technology in Tuzla is the oldest
institution of higher education in Tuzla and one of
the oldest in Bosnia and Herzegovina. It was founded
in 1959 and was the backbone of the founding of the
University of Tuzla. The memory of that year and the
review of the initial development path is an
obligation imposed on the current generation.

From the first days of its existence, the Faculty
has been focused on its positioning as an

INIVERSITY
OF TUZLA

> 150208

tI'ANNIl LRSARY

autonomous, modern, comparatively competitive
institution that ensures the flexibility of study
according to international standards that follow
European trends and initiatives through teaching
programs, research and professional
activities. The enthusiasm and introduction
of innovated curricula and technologies by
a large number of young teachers, with
extensive experience of senior colleagues,
are valuable for the future development of
the Faculty, for modern education in
accordance with the Bologna process and
scientific research compatible with relevant
research institutions in Europe and the
world.

The strength of the Faculty is based,
above all, on highly motivated teachers and
associates who are the carriers of all key
Faculty activities. The Faculty has a total
area of 7,878 m?, which refers to the offices
for teachers, and premises for teaching and
research work, all of which are equipped
with modern equipment, which all together creates
the conditions for a high level of quality of the
teaching process and scientific research work.

The Faculty of Technology in Tuzla has played a
significant role in the education of scientists and
experts in this part of Bosnia and Herzegovina and
beyond, and our students are our greatest success.
The importance of the Faculty in the region of
northeastern Bosnia and in Bosnia and Herzegovina
can be shown by numerous indicators, ranging from
changing population structure, expanding and
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building industrial capacities, increased employment
of workers, etc., but it is especially important to
emphasize the importance of the Faculty in
establishing other higher education and scientific
institutions in Tuzli, from which the University of
Tuzla grew, in 1976.

For many years, through its vision and mission
Faculty of Technology demonstrates its commitment
to the promotion and achievement of results in its
scientific research and teaching activities, as an
important precondition for achieving the progress
and competitiveness of the society in which it exists
and operates. The rich tradition and existing
intellectual potential of the Faculty can be also in the
future a strong support for the development of the
economy of the state of BiH.

The creation, preservation and transfer of
scientific  knowledge, the transformation of
fundamental knowledge into applied innovations, the
introduction of innovative curricula and technologies
in the educational activity are also the goals of the
Faculty in the future. The Faculty's strategy is the
determination and implementation of the optimal
ratio of European values and domestic tradition in
the education of students.

May this valuable jubilee be an appreciation for
the work of all former and current Faculty staff and
all our students for the past 60 years.

Staff with freshmen in 2019/2020 academic year

We are particularly proud that on 14th and 15th
of November, 2019 at the Faculty of Technology,
University of Tuzla, and as part of the anniversary

commemoration of the Faculty, was held the VI
International ~ Symposium  on  "Environmental
Potentials, Sustainable Development and Food
Production - OPORPH 2019".

The symposium gathered scientists and experts in
the fields of chemistry, chemical i biochemical
engineering,  chemical and  environmentally
sustainable technologies, food technology and
biotechnology, environmental potentials and waste
management, and agronomy. Representatives of
higher education and research institutions from
Bosnia and Herzegovina and abroad were present at
this gathering, as well as representatives of of
business entities with whom the Faculty of
Technology has many years of cooperation.

The Symposium program, in addition to
preliminary lectures by invited eminent professors
from Europe and Asia, included seventy-five oral and
poster presentations by the registered participants.
Student section, this year organized for the first time
within the Symposium, attracted great interest of
students who, during the presentation of the results of
their researchs, showed exceptional eloquence and a
high level of knowledge in the fields of their work.

Today, the Faculty of Technology is recognized
and distinguished for the scientific and research
achievements of its teachers, associates and students
in the local and wider environment. In the process of
education we develop
and encourage
quality research work
by both professors
and students, and

especially
application-oriented
research.

Research in the
fields of environ-
mental protection,
chemical engineering
and technology, food
technology, quality
control and food
safety, agricultural
production and
applied / engineering
: - . chemistry are
fundamental development frameworks that we will
continue to encourage.

Sead Cati¢, Dean of Faculty of Technology
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INSTRUCTION FOR AUTHORS

GENERAL INFORMATION

Technologica Acta is an open access, double-
blind peer-reviewed, semiannual international journal
devoted to fundamental and applied chemistry, as
well as materials chemistry and technology, chemical
engineering and technology, environmental protec-
tion engineering and food technology research, pub-
lished by the Faculty of Technology Tuzla, Universi-
ty in Tuzla (Bosnia and Herzegovina), since 2004.

Technologica Acta is an APC-free (there is not an
article processing charge or some hidden costs), open
access journal.

The Journal is indexed by CAB Abstracts,
EBSCO, Index Copernicus Journal Master List,
HRCAK, ROAD, COBISS, The Quality Factor and
many others.

CATEGORIES OF CONTRIBUTIONS

Original scientific paper reports original re-
search, previously unpublished — except in a prelimi-
nary form. It must contain significant and original
observations to be critically evaluated. Experimental
data should be presented in a way that enables repro-
duction and verification of analyses and deductions
on which the conclusions are based.

Preliminary communication includes short in-
formation on the results of scientific research which
require and merrit immediate publication.

Scientific note includes report on short but com-
pleted original research or describe original laborato-
ry techniques (methods, apparatus etc.).

Scientific review paper is original, critical and
up-to-date survey of an specific research area. Gener-
ally, these are prepared by the invitation of the Edi-
tor.

Professional paper reports on applications of an
already described innovation, known methods and
facts.

Conference paper presents lecture given (or post-
er presented) at a conference, workshop or similar
event.

REVIEWING THE MANUSCRIPT

All contributors are evaluated according to the
criteria of originality and quality of their scientific
content, and only those deemed worthy will be ac-
cepted for publication. To facilitate the reviewing
process, authors are encouraged to suggest two to
three persons competent to review their manuscript.

Such suggestions will be taken into consideration but
not always accepted.

The Editor-In-Chief and Editors have the right to
decline formal review of a manuscript when it is
deemed that the manuscript is:

— on atopic outside the scope of the Journal;

— lacking technical merit;

— of insufficient novelty for a wide international
readership;

— fragmentary and providing marginally incremen-
tal results; or

— is poorly written.

PROOFS

When a manuscript is ready for printing, the cor-
responding author will receive a PDF-formatted
manuscript for proof reading, which should be re-
turned to the journal within one week. Failure to do
so will be taken as the authors are in agreement with
any alteration which may have occurred during the
preparation of the manuscript.

COPYRIGHT

LICENSE AGREEMENT

“l, as a corresponding author, in submitting an article

to Technologica Acta certify that:

— | am authorized by my co-authors to enter into
these arrangements.

— | warrant, on behalf of myself and my co-authors,
that:

— the article is original, has not been formally
published in any other peer-reviewed journal,
is not under consideration by any other jour-
nal and does not infringe any existing copy-
right or any other third party rights;

— | am/we are the sole author(s) of the article
and have full authority to enter into this
agreement and in granting rights to Techno-
ploica Actar are not in breach of any other
obligation;

— the article contains nothing that is unlawful,
libellous, or which would, if published, con-
stitute a breach of contract or of confidence
or of commitment given to secrecy;

— l/we have taken due care to ensure the integ-
rity of the article. To my/our — and currently
accepted scientific — knowledge all state-
ments contained in it purporting to be facts
are true and any formula or instruction con-
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tained in the article will not, if followed ac-
curately, cause any injury, illness or damage
to the user.

I, and all co-authors, agree that the article, if edi-
torially accepted for publication, shall be licensed
under the Creative Commons Attribution License CC
BY 4.0.”

PROFESSIONAL ETHICS AND PUBLICATION
POLICY

The journal expects the Editors, Referees and
Authors to adhere to the well-known standards of
professional ethics. Authors are responsible for the
factual accuracy of their contributions. Submission of
the paper commits the author not to submit the same
material elsewhere. Referees should act promptly. If
certain circumstances preclude prompt attention to
the manuscript at the time it is received, the non-
received manuscript should be returned immediately
to the Editor or the Referee should contact the Editor
for possible delay of the report submission date. The
Editor accepts full responsibility for his decisions on
the manuscripts.

MANUSCRIPT PREPARATION

Manuscript should be written with the assumption
that readers know the discussed subject. Thus in (a
short) introduction should briefly be stated only what
is necessary for understanding of the text.

Manuscripts with grammar or vocabulary defi-
ciencies are disadvantaged during the scientific re-
view process and, even if accepted, may be returned
to the author to be rewritten in regular English, either
standard British or American English, but consistent
throughout. The authors are requested to seek the as-
sistance of competent English language expert, if nec-
essary, to ensure their English is of a reasonable
standard. This journal maintains its policy and takes
the liberty of correcting the English of manuscripts
scientifically accepted for publication.

The submitted articles must be prepared solely
with Microsoft Word; with single spacing (12 points
Times New Roman; Greek letters in the character font
Symbol) in A4 format leaving 2.5 cm for margins.

The size of the article (text, along with abstract,
figures, tables and list of literature references should
be limited to 7-10 pages. An exception can be negoti-
ated with the editorial board, and to receive a larger
volume of work if the content and quality justifies it.

IUPAC and International Union of Biochemistry
and Molecular Biology recommendations for the
naming of compounds should be followed.

Symbols of physical values should be in cursive
(italic), and unit of measure in regular font, eg. V, m,
p, t, T, but: m®, kg, Pa, °C, K.

Sl units, or other permissible units, should be
employed. The designation of physical quantities
should be in Times New Roman font. In text, graphs,
and tables, brackets should be used to separate the
designation of a physical quantity from the unit.

Please do not use the axes of graphs for addition-
al explanations; these should be mentioned in the
figure captions and/or the manuscript (example:
“pressure at the inlet of the system, kPa” should be
avoided).

Percents and per mills, although not being units
in the same sense as the units of dimensioned quanti-
ties, can be treated as such. Unit symbols should nev-
er be modified (for instance: w/w%, vol.%, mol.%)
but the quantity measured has to be named, e.g. mass
fraction, w=95%; amount (mole) fraction, x=20%.

Latin words, as well as the names of species,
should be in italic, as for example: i.e., e.g., in vivo,
ibid, Artemisia annua L., etc. The branching of or-
ganic compound should also be indicated in italic, for
example, n-butanol, tert-butanol, etc.

Decimal numbers must have decimal points and
not commas in the text, tables and axis labels in
graphical presentations of results. Thousands are sep-
arated, if at all, by a comma and not a point.

Tables are part of the text together with their
captions. They should be made so that they are un-
derstandable without reading the text, font Times
New Roman 10 pt. in table. Table caption have to be
positioned above the table. The tables should be
numbered consequently in Latin numbers. Quantities
should be separated from units by brackets. Footnotes
to tables, in size 9 font, are to be indicated
consequently (line-by-line) in superscript letters.
Tables should be prepared solely using the Word
table function, without vertical lines. Table columns
must not be formatted using multiple spaces. Table
rows must not be formatted using Carriage returns
(enter key). Tables should not be incorporated as
graphical objects.

Figures and diagrams are also part of the text
together with their captions. They should be drawn
and described so that they are understandable without
reading the text. The same data should not be placed
at the tables and diagrams, except in exceptional cas-
es. The author will then give its reasons, and its va-
lidity is subject to final assessment of Editorial board
and its reviewers. Figure caption have to be
positioned below the table. Every figure and/or
diagram should be prepared according to the artwork
instructions and, even embedded in text, submitted
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also as a separate file. All these files should be
archived in the *.zip or *rar archive and named as
follows: TA_last name of first author_first word of
title_figures.extension. The extension must match the
format of archive (zip or rar).

Mathematical and chemical equations should be
numbered by Arabic numbers, consecutively in
parenthesis at the end of the line. All equations
should be embedded in the text except when they
contain graphical elements (tables, figures, schemes
and formulae). Complex equations (fractions,
inegrals, matrix...) should be prepared using the
Word MS Equation Editor or MathType.

The main file, containing the text of the manu-
script with all elements embedded, should be named
as follows: TA_last name of first author_first word of
title.doc

Artwork  Instructions.  High  resolution
illustrations in TIF, JPG, PNG or GIF format are
acceptable and must be uploaded as a separate
archived (.zip or .rar) file. MS files (Word, Power-
Point, Excel, Visio) are NOT acceptable. Generally,
scanned instrument data sheets should be avoided.
Authors are responsible for the quality of their sub-
mitted artwork.

Image quality: keep figures as simple as possible
for clarity - avoid unnecessary complexity, colouring
and excessive detail. Images should be of sufficient
quality for the printed version, i.e. 300 dpi minimum.
Image size: illustrations should be submitted at its
final size (8 cm for single column width or 17 cm for
double column width) so that neither reduction nor
enlargement is required. Please, keep in mind that
colour photographs rarely reproduce satisfactorily in
black and white.

STRUCTURE OF THE MANUSCRIPT

The manuscript must contain the title of the man-
uscript, full name(s) of the author(s) without abbrevi-
ation, abstract, the list of key words, the main text
with all the tables and figures embedded and list of
references. Can contain also the “Acknowledgement”
section.

Title should be specific and informative, in order
to exactly determine the content of the paper. It is
desirable to be as short as possible

Authors are listed with full first name(s) and
family name(s), without abbreviation. The corre-
sponding author should be marked with the asterix
(*) at the end of his family name.

A one-paragraph Abstract written of 150-200
words in an impersonal form indicating the aims of
the work, the main results and conclusions should be

given and clearly set off from the text. It must finish
with the list of keywords (up to 6, separated by “;”)

Main text should have the following form
(though this proposed form is not fixed):

Introduction should include the aim of the
research and a concise description of background
information and related studies directly connected to
the paper.

Experimental section should give the purity and
source of all employed materials, as well as details of
the instruments used. The employed methods should
be described in sufficient detail to enable experienced
persons to repeat them. Standard procedures should
be referenced and only modifications described in
detail.

Results and Discussion should include concisely
presented results and their significance discussed and
compared to relevant literature data. The results and
discussion may be combined or kept separate.

The inclusion of a Conclusion section, which
briefly summarizes the principal conclusions, is
highly recommended.

Acknowledgement section is optional.

Reference List should be selective rather than
extensive. Generally, no more than 30 references
should be cited in your manuscript. except when it
comes to review article. Please ensure that every ref-
erence cited in the text is also present in the Reference
List (and vice versa).

If the original literature was not available to the
authors, they should cite by the source from which
the quotation was taken. Abbreviations for magazines
must be in strict accordance with the abbreviations
that are alleged by the Chemical Abstract.

Unpublished results and personal communica-
tions are not recommended in the reference list, but
may be mentioned in the text.

From this issue of Technologica Acta (vol. 10,
no. 2) forward, the Journal will strictly follow the
IEEE citation style. The brief explanation of IEEE
citation style is given below.

IEEE citation style includes in-text citations,
numbered in square brackets, which refer to the full
citation listed in the reference list at the end of the
paper. The reference list is organized numerically,
not alphabetically.

THE BASICS OF IEEE CITATION STYLE:
IN-TEXT CITING

Refer to the source with a number in a square
bracket, e.g. [1], that will then correspond to the full
citation in your reference list.
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— Place bracketed citations within the line of text,
before any punctuation, with a space before the
first bracket.

— Number your sources as you cite them in the pa-
per. Once you have referred to a source and given
it a number, continue to use that number as you
cite that source throughout the paper.

— When citing multiple sources at once, the pre-
ferred method is to list each number separately, in

EXAMPLES OF CITATIONS FOR DIFFERENT MATERIALS:

its own brackets, using a comma or dash between
numbers, as such: [1], [3], [5] or [1]-[5].

EXAMPLES OF IN-TEXT CITATIONS:

"...end of the line for my research [13]."

"This theory was first put forward in 1987 [1]."
"Scholtz [2] has argued that..."

"Several recent studies [3], [4], [15], [16] have sug-
gested that...."

"For example, see [7]."

Material Type

Works Cited

Book in print

[1] B. Klaus and P. Horn, Robot Vision. Cambridge, MA: MIT Press, 1986.

Chapter in book

[2] L. Stein, “Random patterns,” in Computers and You, J. S. Brake, Ed. New York: Wiley, 1994, pp. 55-70.

eBook

[3] L. Bass, P. Clements, and R. Kazman, Software Architecture in Practice, 2nd ed. Reading, MA: Addison Wes-
ley, 2003. [E-book] Available: Safari e-book.

Journal article

[4] J. U. Duncombe, "Infrared navigation - Part I: An assessment of feasability," IEEE Trans. Electron. Devices,
vol. ED-11, pp. 34-39, Jan. 1959.

eJournal (from data-
base)

[5] H. K. Edwards and V. Sridhar, "Analysis of software requirements engineering exercises in a global virtual
team setup,” Journal of Global Information Management, vol. 13, no. 2, p. 21+, April-June 2005. [Online]. Availa-
ble: Academic OneFile, http:/find.galegroup.com. [Accessed May 31, 2005].

eJournal (from inter-
net)

[6] A. Altun, "Understanding hypertext in the context of reading on the web: Language learners' experi-
ence," Current  Issues in  Education, wvol. 6, no. 12, July 2003. [Online]. Available:
http://cie.ed.asu.edu/volume6/number12/. [Accessed Dec. 2, 2004].

Conference paper

[7] L. Liu and H. Miao, "A specification based approach to testing polymorphic attributes," in Formal Methods and
Software Engineering: Proceedings of the 6th International Conference on Formal Engineering Methods, ICFEM
2004, Seattle, WA, USA, November 8-12, 2004, J. Davies, W. Schulte, M. Barnett, Eds. Berlin: Springer, 2004. pp.
306-19.

Conference proceed-
ings

[8] T. J. van Weert and R. K. Munro, Eds., Informatics and the Digital Society: Social, ethical and cognitive issues:
IFIP TC3/WG3.1&3.2 Open Conference on Social, Ethical and Cognitive Issues of Informatics and ICT, July 22-
26, 2002, Dortmund, Germany. Boston: Kluwer Academic, 2003.

Newspaper article
(from database)

[9] J. Riley, "Call for new look at skilled migrants," The Australian, p. 35, May 31, 2005. [Online]. Available: Fac-
tiva, http://global.factiva.com. [Accessed May 31, 2005].

Technical report

[10] J. H. Davis and J. R. Cogdell, “Calibration program for the 16-foot antenna,” Elect. Eng. Res. Lab., Univ.
Texas,
Austin, Tech. Memo. NGL-006-69-3, Nov. 15, 1987.

Patent

[11]J. P. Wilkinson, “Nonlinear resonant circuit devices,” U.S. Patent 3 624 125, July 16, 1990.

Standard

[12] IEEE Criteria for Class IE Electric Systems, IEEE Standard 308, 1969.

Thesis/Dissertation

[17 J. O. Williams, “Narrow-band analyzer,” Ph.D. dissertation, Dept. Elect. Eng., Harvard Univ., Cambridge, MA,
1993.

SUBMISSION OF MANUSCRIPT — mailing address (address, phone and fax numbers,

e-mail) of the author to whom correspondence
should be addressed.

COVER LETTER

Manuscripts must be accompanied by a cover
letter It should contain:

— title of the manuscript without any abbreviations,

— proposed type of contribution,

— full name(s) of the author(s) without abbrevia-
tions,

— full affiliation of all the authors (department, in-
stitution, city and country), along with the
ORCID ID and ResearcherID (if they have
them),

The file with cover letter should be named as fol-
lows: TA last name of first author_first word of ti-
tle_cover.doc.

SUBMISSION

Submissions containing all needed files should be
sent to e-mail address: dijana.milicevic@untz.ba with
the subject “Manuscript for Technologica Acta”. All
manuscripts will be acknowledged on receipt (by e-
mail) and given a reference number, which should be
quoted in all subsequent correspondence.
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AKCIJSKA PONUDA
POPUSTI
b POKLONI (¢ L
/VECE BRZINE | 2=+

MOJA TV FULL paketi za samo 49 KM mjesecno cijelu godinu!
Novi i postojeci Moja TV Full korisnici, uz ugovor na 24 mjeseca imaju mogucnost izbora super pogodnosti:

«» godinu dana bilo koji Moja TV Full paket po cijeni osnovnog/Moja TV Full 1 paketa:
Moja TV Full 4 pristup internetu 30+/8 Mbps; Moja TV Full 5 pristup internetu 100/10 Mbps; Moja TV Full 6 pristup
internetu 200/40 Mbps; Moja TV Full 7 pristup internetu 500/100 Mbps; Moja TV Full 8 pristup internetu 1000/200Mbps
« ili popust od 50% na mjese¢nu pretplatu MojaTV Full 1 paketa tokom prvih Sest mjeseci koristenja
« ili 12 mjeseci besplatno Dodatni paket za pozive prema BH Mobile mrezi - Paket 100.

+ dodatni poklon!

MOJA TV NET paketi samo 36 KM mjesecno cijelu godinu!
Novi i postojeci Moja TV Net korisnici, uz ugovor na 24 mjeseca imaju mogucnost izbora super
pogodnosti:

- godinu dana bilo koji Moja TV Net paket po cijeni osnovnog/Moja TV Net 1 paketa:
Moja TV Net 4 pristup internetu 30+/8 Mbps; Moja TV Net 5 pristup internetu 100/10 Mbps;
Moja TV Net 6 pristup internetu 200/40 Mbps; Moja TV Net 7 pristup internetu 500/100 Mbps;
Moja TV Net 8 pristup internetu 1000/200Mbps

« ili popust od 50% na mjesecnu pretplatu Moja TV Net 1 paketa tokom prva tri mjeseca koristenja

+ dodatni poklon!

*Koristenje Moja TV Full i Moja TV Net paketa sa vecim pristupnim brzinama interneta po cijeni osnovnog/ Moja TV Full 1 i
Moja TV Net 1 paketa, realizovat ¢e se u skladu sa tehnickim moguénostima kod korisnika.

Novi i postojeci korisnici MOJA TV PHONE paketa, uz ugovor na 24 mjeseca mogu izabrati:

» popust od 50% na mjesecnu pretplatu tokom prva tri mjeseca koristenja ili
« besplatno koristenje Dodatnog paketa za pozive prema BH Mobile mrezi - Paket 100 tokom 12 mjeseci

+ dodatni poklon!

DODATNI POKLONI
Uz sve navedene pogodnosti, svi novi i postojeci MojaTV Full, Moja TV Net i Moja TV Phone korisnici
dobiju dodatni poklon:

- dvije godine besplatno: dodatni STB uredaj

Novi Moja TV Full i Moja TV Phone pretplatnici dobit ée besplatno i fiksni telefonski aparat!

Svim novim Moja TV Phone, Moja TV Net i Moja TV Full korisnicima, uz ugovorni odnos sa obaveznim
trajanjem od 24 mjeseca omogucava se i da umjesto navedenih pogodnosti i dodatnih poklona izaberu
pogodnost kupovine uredaja iz ponude BH Telecoma na 24 rate bez kamata.

Moja TV priklju¢ak 1 KM.
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TELEVIZIJA

Mozete odabrati Moja TV pakete:
2 TELEVIZIJA + FIKSNI
TELEVIZIJA + INTERNET

)+ ©
TELEVIZIJA+ FIKSNI + INTERNET

TELEVIZIJA: sa preko 190 TV kanala, uz brojne dodatne usluge: elektronski programski vodic,
TimeShift/TV unazad, snimanja programa, mogu¢nost koristenja videoteke sa vrhunskim filmskim
naslovima,...

e Moja TV BH - 13 KM mjesecno: preko 60 TV kanala, 30 radio kanala, dodatne usluge
® Moja TV Basic - 22 KM mjesecno: preko 190 TV kanala, 30 radio kanala, dodatne usluge

TELEVIZLJA + FIKSNI

® Moja TV BH Phone - 20 KM mjesecno: preko 60 TV kanala, 30 radio kanala + fiksna telefonija
sa NEOGRANICENIM RAZGOVORIMA prema fiksnim mrezama u BiH* i neograni¢enim SMS
prema fiksnoj mrezi BH Telecoma, Najbroj iz BH Mobile mreze i dodatne fiksne i druge usluge

TELEVIZLJA + FIKSNI + INTERNET

® Moja TV Phone - 29 KM mjesecno: preko 190 TV kanala, radio kanali + fiksna telefonija sa
NEOGRANICENIM RAZGOVORIMA prema fiksnim mrezama u BiH* i neograni¢enim
SMS prema fiksnoj mrezi BH Telecoma, Najbroj iz BH Mobile mreze i NEOGRANICENI INTERNET*
uz brzinu 512/128 kbps, dodatne fiksne i druge usluge;

TELEVIZIJA + INTERNET

® Moja TV Net 1- 36 KM mjeseéno: preko 190 TV kanala, 30 radio kanala; uz NEOGRANICENO
KORISTENJE INTERNETA¥, pristup putem fiksne mreze, uz brzinu 10+/1 Mbps, G hosting,
5 e-mail adresa;

TELEVIZLJA + FIKSNI+ INTERNET

® Moja TV Full 1 - 49 KM mjesecno: preko 190 TV kanala, radio kanali + fiksna telefonija sa
NEOGRANICENIM RAZGOVORIMA prema fiksnim mrezama u BiH* i neograni¢enim SMS
prema fiksnoj mrezi BH Telecoma, Najbroj iz BH Mobile mreze + NEOGRANICENO KORISTENJE
INTERNETA*, pristup putem fiksne mreze, uz brzinu 10+/1 Mbps, dodatne fiksne usluge,
G hosting, 5 e-mail adresa na bih.net.ba domeni,...

MAKSIMALNO ISKORISTITE jedinstvenu moguénost uvezivanja usluga BH Telecoma koje

koristite! Za FANTASTICNE USTEDE ZA CIJELU PORODICU uvezite Moja TV u MOJ IZBOR!

Vasu Moja TV uvezite sa vasim fiksnim telefonskim prikljuckom/brojem, mobilnim brojevima vase
porodice (postaid paketi ili Ultra), ili fiksnim pristupom internetu. To ¢lanovima Vase porodice
omogucuje besplatne medusobne telefonske razgovore, dodatno jos po 500 MB besplatnog
mobilnog interneta mjesecno za svaki mobilni broj, i kupovinu mobitela, tableta i laptopa na rate
i uz popuste!

Sport Klub kanali besplatno u Moja TV paketima tokom promotivnog perioda.

*na fer osnovi
Detaljne informacije na www.bhtelecom.ba ili pozivom na besplatni broj 1444.

@@@ Mojaprica. We) gt 4
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